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The present invention employs a plurality of small inductive antennas to generate a processing plasma. In 
one embodiment, small coil antennas are secured within the chamber so that both of the pole regions of 
the antennas couple power to the plasma. The antennas may be oriented so that poles regions are 
anywhere from perpendicular, to parallel to a chamber wall. The number, location, and orientation of the 
small antennas within the chamber may be selected to optimize plasma characteristics. In addition, the 
antennas may be secured to top, side, or bottom walls to improve plasma characteristics; and power 
deposition within the processing chamber may be adjusted by changing the orientation of the coils, and 
the magnitude and phase relationship of RF power through the individual antennas. Process gas may be 
selectively delivered to areas of high power deposition such as adjacent pole regions or through the 
center of a coil or loop antenna to control plasma characteristics. In a preferred embodiment, the 
antennas are formed of a conductor surrounded by a non-sputtering, electrically insulating, thermally 
conductive jacket coupled to an electrically conductive chamber wall. The exposed surface of the jacket 
may be segmented to reduce eddy currents in conductive deposits. 
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* NOTICES * 

iTFO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a plasma reactor. Having the wall which limits a processing chamber, the above-mentioned 
chamber holds the piece of processing in it. It is the plasma reactor which can generate the plasma in the 
above-mentioned chamber in order that it may have further two or more small coil antennas secured in the b 
above-mentioned processing chamber and two or more above-mentioned small coil antennas may process 
the above-mentioned piece of processing and which is characterized by things. 

[Claim 2] Two or more 'above-mentioned small coil antennas are plasma reactors according to claim 1 
characterized by having respectively the jacket of the electric insulation which encloses the conductive coil 
further. 

[Claim 3] It is the plasma reactor according to claim 2 characterized by preventing the flow of the eddy 
current in the conductive ingredient which the above-mentioned jacket was further equipped with the front 
face exposed to a conductive by-product, and a part of above-mentioned exposure front face [ at least ] was 
segmented, and was deposited on the above-mentioned segmentation front face. 

[Claim 4] It is the plasma reactor according to claim 3 characterized by forming the segment of the above- 
mentioned segmentation of at least one gap in the above-mentioned exposure front face, and forming the 
above-mentioned gap so that it may prevent that the conductive ingredient deposited on the above- 
mentioned jacket combines the above-mentioned segment electrically. 

[Claim 5] The plasma reactor according to claim 4 characterized by segmenting the exposure front face of 

the above-mentioned antenna close to the pole field of the above-mentioned antenna. 

[Claim 6] Two or more above-mentioned small coil antennas are plasma reactors according to claim 4 

characterized by being secured in the above-mentioned processing chamber so that the heat generated by the 

above-mentioned antenna may be respectively transmitted to a chamber wall by conduction. 

[Claim 7] The above-mentioned jacket is a plasma reactor according to claim 6 characterized by being 

formed with the thermally conductive ingredient which prevents sputtering of the above-mentioned 

conductive coil. 

[Claim 8] The above-mentioned processing chamber is a plasma reactor according to claim 6 which is 
equipped with a top wall and a side attachment wall, and is characterized by forming the above-mentioned 
top wall and the side attachment wall with the conductive ingredient. 

[Claim 9] The above-mentioned top wall and a side attachment wall are a plasma reactor according to claim 
8 characterized by being grounded electrically. 

[Claim 1 0] Two or more above-mentioned small coil antennas are plasma reactors according to claim 2 
characterized by being secured in the above-mentioned processing chamber so that the heat generated by the 
above-mentioned antenna may be respectively transmitted to a chamber wall by conduction. 
[Claim 11] The above-mentioned jacket is a plasma reactor according to claim 10 characterized by being 
formed with the thermally conductive ingredient which prevents sputtering of the above-mentioned 
conductive coil. 

[Claim 12] It is the plasma reactor according to claim 1 which the above-mentioned jacket is further 
equipped with the jacket which encloses the conductive coil, and is characterized by forming the above- 
mentioned jacket with the ingredient which prevents sputtering of the above-mentioned conductive coil. 
[Claim 13] It is the plasma reactor according to claim 1 which each above-mentioned small coil antenna has 
a pole field, and is characterized by arranging at least one of the above-mentioned small coil antennas in the 
above-mentioned processing chamber so that the above-mentioned pole field may combine power to the 
above-mentioned plasma. 

[Claim 14] It is the plasma reactor according to claim 1 which each above-mentioned small coil antenna has 
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two pole fields, and is characterized by arranging at least one of the above-mentioned small coil antennas 
both in the above-mentioned processing chamber so that the two above-mentioned pole fields may combine 
power to the above-mentioned plasma. 

[Claim 15] It is the plasma reactor according to claim 14 which is further equipped with at least one gas port 
for feeding process gas into the above-mentioned processing chamber, and is characterized by for the above- 
mentioned gas port approaching at least one pole field of the above-mentioned small coil antenna, and 
arranging it. 

[Claim 16] It is the plasma reactor according to claim 14 characterized by being combined to the separated 
source of process gas so that it may have two or more gas ports further, the process gas which has high 
ionization energy can be fed into the field which has the high power deposition in the above-mentioned 
chamber a little [ of two or more above-mentioned gas ports ] and the process gas which has low ionization 
energy on the other hand can be fed into the field which has the low power deposition in the above- 
mentioned chamber. 

[Claim 17] It is the plasma reactor according to claim 1 which is further equipped with at least one RF 
power source combined with the above-mentioned small coil antenna, and is characterized by the ability to 
adjust the above-mentioned RF power to each above-mentioned small coil antenna in independent. 
[Claim 18] It is the plasma reactor according to claim 17 characterized by being combined to the separated 
source of process gas so that it may have two or more gas ports further, the process gas which has high 
ionization energy can be fed into the field which has the high power deposition in the above-mentioned 
chamber a little [ of two or more above-mentioned gas ports ] and the process gas which has low ionization 
energy on the other hand can be fed into the field which has the low power deposition in the above- 
mentioned chamber. 

[Claim 19] It is the plasma reactor according to claim 17 characterized by having further two or more gas 
ports which feed process gas into the above-mentioned processing chamber, for one of two or more of the 
above-mentioned gas ports feeding process gas into the high power deposition field of the above-mentioned 
chamber, and another process gas port feeding process gas into the low power deposition field of the above- 
mentioned chamber. 

[Claim 20] It is the plasma reactor according to claim 1 which is further equipped with two or more gas 
ports which feed process gas, and is characterized by arranging one of two or more of the above-mentioned 
gas ports so that it may feed process gas through one of two or more of the above-mentioned small coil 
antennas. 

[Claim 21] It is the plasma reactor according to claim 1 which each of two or more above-mentioned small 
coil antennas is further equipped with the jacket of the electric insulation which encloses the conductive 
coil, and is further equipped with shielding, and is characterized by the ability to insert the above-mentioned 
shielding into the above-mentioned jacket so that the power deposition in the above-mentioned processing 
chamber may be controlled. 

[Claim 22] It is the plasma reactor according to claim 1 characterized by the ability to adjust [ of the above- 
mentioned small coil antenna ] some orientation at least. 

[Claim 23] Each of two or more above-mentioned small coil antennas is a plasma reactor according to claim 
22 which is further equipped with the jacket of the electric insulation which encloses the conductive coil, 
and is characterized by the ability to adjust [ of the above-mentioned conductive small coil ] some 
orientation at least within the above-mentioned insulating jacket. 

[Claim 24] It is the plasma reactor according to claim 1 which the above-mentioned processing chamber is 
further equipped with the side attachment wall and top wall which have touched the boundary, and the 
above-mentioned side attachment wall and a top wall are formed with a conductive ingredient, and is 
characterized by grounding the above-mentioned side attachment wall and the top wall. 
[Claim 25] The above-mentioned processing chamber is a plasma reactor according to claim 1 characterized 
by having further a top wall, a side attachment wall, and a bottom wall, and securing any of two or more 
above-mentioned miniaturized antennas they are more than one or it of the above-mentioned top wall, a side 
attachment wall, and a bottom wall. 

[Claim 26] It is the plasma reactor according to claim 25 characterized by the thing of two or more above- 
mentioned miniaturized antennas arranged around the core of this top wall along with the top wall of the 
above-mentioned processing chamber a little at the radial at least. 

[Claim 27] It is the plasma reactor according to claim 1 characterized by the thing of two or more above- 
mentioned miniaturized antennas arranged in the shape of dome shape a little at least. 
[Claim 28] It is the plasma reactor according to claim 1 characterized by the thing of two or more above- 
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mentioned miniaturized antennas arranged in the shape of a periphery around the above-mentioned chamber 
a little at least. 

[Claim 29] It is a plasma reactor. It has the wall which limits a processing chamber. The above-mentioned 
chamber holds the piece of processing in it. It has further two or more miniaturized antennas secured in the b 
above-mentioned processing chamber. The above-mentioned miniaturized antenna In order to process the 
above-mentioned piece of processing, it is possible to generate the plasma in the above-mentioned chamber. 
The miniaturized antenna of the c above-mentioned plurality is a plasma reactor characterized by what it has 
respectively the jacket of the electric insulation which encloses the conductor for further. 
[Claim 30] It is the plasma reactor according to claim 29 characterized by preventing the flow of the eddy 
current in the conductive ingredient which the above-mentioned jacket was further equipped with the front 
face exposed to a conductive by-product, and a part of above-mentioned exposure front face [ at least ] was 
segmented, and was deposited on the above-mentioned segmentation front face. 

[Claim 31] It is the plasma reactor according to claim 30 characterized by forming the segment on the 
above-mentioned front face of segmentation of at least one gap in the above-mentioned exposure front face, 
and forming the above-mentioned gap so that it may prevent that the conductive ingredient deposited on the 
above-mentioned jacket combines the above-mentioned segment electrically. 

[Claim 32] The plasma reactor according to claim 31 characterized by segmenting the exposure front face of 

the above-mentioned antenna close to the pole field of the above-mentioned antenna. 

[Claim 33] Two or more above-mentioned miniaturized antennas are plasma reactors according to claim 31 

characterized by being secured in the above-mentioned processing chamber so that the heat generated by the 

above-mentioned antenna may be transmitted to a chamber wall by conduction. 

[Claim 34] the above-mentioned jacket — the above — the plasma reactor according to claim 31 

characterized by preventing sputtering of a conductor. 

[Claim 35] the above-mentioned jacket — the above — the plasma reactor according to claim 29 
characterized by preventing sputtering of a conductor. 

[Claim 36] Two or more above-mentioned miniaturized antennas are plasma reactors according to claim 29 
characterized by being secured in the above-mentioned processing chamber so that the heat generated by the 
above-mentioned antenna may be transmitted to a chamber wall by conduction. 

[Claim 37] The plasma reactor according to claim 36 characterized by having at least one gas port further, 
arranging a miniaturized antenna around the above-mentioned gas port, and forming the nozzle. 
[Claim 38] It is the plasma reactor according to claim 37 which is farther equipped with at least one RF 
power source combined with the above-mentioned miniaturized antenna, and is characterized by the ability 
to adjust the above-mentioned RF power to each above-mentioned miniaturized antenna in independent. 
[Claim 39] It is the plasma reactor according to claim 38 characterized by being combined to the separated 
source of process gas so that it may have two or more gas ports further, the process gas which has high 
ionization energy can be fed into the field which has the high power deposition in the above-mentioned 
chamber a little [ of two or more above-mentioned gas ports ] and the process gas which has low ionization 
energy on the other hand can be fed into the field which has the low power deposition in the above- 
mentioned chamber. 

[Claim 40] It is the plasma reactor according to claim 3 1 which each above-mentioned miniaturized antenna 
has two pole fields, and is characterized by arranging at least one of the above-mentioned miniaturized 
antennas both in the above-mentioned processing chamber so that the two above-mentioned pole fields may 
combine power to the above-mentioned plasma. 

[Claim 41] at least one gas port for feeding process gas into the above-mentioned processing chamber — 
further — having — the above-mentioned gas port — the above — the plasma reactor according to claim 40 
characterized by approaching the pole field of one miniaturized antenna and being arranged even if few. 
[Claim 42] It is the plasma reactor according to claim 41 which is further equipped with at least one RF 
power source combined with the above-mentioned miniaturized antenna, and is characterized by the ability 
to adjust the above-mentioned RF power to each above-mentioned miniaturized antenna in independent. 
[Claim 43] It is the plasma reactor according to claim 14 characterized by having further two or more gas 
ports which feed process gas into the above-mentioned processing chamber, for one of the above-mentioned 
process gas ports feeding process gas into the high power field of the above-mentioned chamber, and 
another process gas port feeding process gas into the low power field of the above-mentioned chamber. 
[Claim 44] It is the plasma reactor according to claim 29 which is further equipped with shielding and is 
characterized by the ability to insert the above-mentioned shielding into the above-mentioned jacket so that 
the power deposition in the above-mentioned processing chamber may be controlled. 
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[Claim 45] It is the plasma reactor according to claim 29 characterized by the ability to adjust [ of the above- 
mentioned miniaturized antenna ] some orientation at least. 

[Claim 46] Each of two or more above-mentioned miniaturized antennas is a plasma reactor according to 
claim 45 which is further equipped with the jacket of the electric insulation which encloses the conductive 
coil, and is characterized by the ability to adjust [ of the above-mentioned conductive small coil ] some 
orientation at least within the above-mentioned insulating jacket. 

[Claim 47] It is the plasma reactor according to claim 29 which the above-mentioned processing chamber is 
further equipped with the side attachment wall and top wall which have touched the boundary, and the 
above-mentioned side attachment wall and a top wall are formed with a conductive ingredient, and is 
characterized by grounding the above-mentioned side attachment wall and the top wall. 
[Claim 48] It is the plasma reactor according to claim 29 which the above-mentioned processing chamber is 
further equipped with a top wall, and is characterized by securing at least one of two or more of the above- 
mentioned miniaturized antennas to the above-mentioned top wall. 

[Claim 49] It is the plasma reactor according to claim 48 characterized by the thing of two or more above- 
mentioned miniaturized antennas arranged around the core of this top wall along with the top wall of the 
above-mentioned processing chamber a little at the radial at least. 

[Claim 50] It is the plasma reactor according to claim 29 which the above-mentioned processing chamber is 
further equipped with a side attachment wall, and is characterized by securing at least one of two or more of 
the above-mentioned miniaturized antennas to the above-mentioned side attachment wall. 
[Claim 51] It is the plasma reactor according to claim 29 which the above-mentioned processing chamber is 
further equipped with a bottom wall, and is characterized by securing at least one of two or more of the 
above-mentioned miniaturized antennas to the above-mentioned bottom wall. 

[Claim 52] It is the plasma reactor according to claim 29 characterized by the thing of two or more above- 
mentioned miniaturized antennas arranged in the shape of dome shape a little at least. 
[Claim 53] It is the plasma reactor according to claim 29 characterized by the thing of two or more above- 
mentioned miniaturized antennas arranged in the shape of a periphery around the above-mentioned chamber 
a little at least. 

[Claim 54] It is a plasma reactor. Having the wall which limits a processing chamber, the above-mentioned 
chamber holds the piece of processing in it. It is the plasma reactor which is further equipped with the 
miniaturized antenna of b plurality, and is characterized by what it is combined with the processing chamber 
wall for as each above-mentioned miniaturized antenna combines the heat generated by each above- 
mentioned miniaturized antenna to the above-mentioned processing chamber by conduction. 
[Claim 55] Each above-mentioned antenna is a plasma reactor according to claim 54 characterized by 
having further the jacket which encloses the conductive ingredient. 

[Claim 56] The above-mentioned jacket is a plasma reactor according to claim 55 characterized by being 
formed with the ingredient of electric insulation. 

[Claim 57] The above-mentioned jacket is a plasma reactor according to claim 56 characterized by being 
combined with the conductive chamber wall. 

[Claim 58] The above-mentioned jacket is a plasma reactor according to claim 55 characterized by being 
formed with the non-sputtering ingredient. 

[Claim 59] The above-mentioned jacket is a plasma reactor according to claim 55 characterized by being 
formed with the ceramic ingredient. 

[Claim 60] The above-mentioned jacket is a plasma reactor according to claim 55 characterized by being 
formed by alumimium nitride. 

[Claim 61] It is a plasma reactor. It has the wall which limits a processing chamber. The above-mentioned 
chamber holds the piece of processing in it. It has further two or more miniaturized antennas secured in the b 
above-mentioned processing chamber. The above-mentioned miniaturized antenna In order to process the 
above-mentioned piece of processing, it is possible to generate the plasma in the above-mentioned chamber. 
The miniaturized antenna of the c above-mentioned plurality is a plasma reactor characterized by what it has 
respectively the non-sputtering jacket which encloses the conductor for further. 

[Claim 62] Two or more above-mentioned miniaturized antennas are plasma reactors according to claim 61 
characterized by transmitting the heat generated by the above-mentioned antenna to a chamber wall by 
conduction. 

[Claim 63] The plasma reactor according to claim 62 characterized by having at least one gas port further, 
arranging a miniaturized antenna around the above-mentioned gas port, and forming the nozzle. 
[Claim 64] It is the plasma reactor according to claim 62 which is further equipped with at least one RF 
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power source combined with the above-mentioned miniaturized antenna, and is characterized by the ability 
to adjust the above-mentioned RF power to each above-mentioned miniaturized antenna in independent. 
[Claim 65] It is the plasma reactor according to claim 61 which is further equipped with shielding and is 
characterized by the ability to insert the above-mentioned shielding into the above-mentioned jacket so that 
the power deposition in the above-mentioned processing chamber may be controlled. 

[Claim 66] It is the plasma reactor according to claim 61 characterized by the ability to adjust [ of the above- 
mentioned miniaturized antenna ] some orientation at least. 

[Claim 67] It is the plasma reactor according to claim 61 which the above-mentioned jacket is electric 
insulation, the above-mentioned processing chamber is further equipped with the side attachment wall and 
top wall which have touched the boundary, and the above-mentioned side attachment wall and a top wall are 
formed with a conductive ingredient, and is characterized by grounding the above-mentioned side 
attachment wall and the top wall. 

[Claim 68] It is a plasma reactor. It has the wall which limits a processing chamber. The above-mentioned 
chamber holds the piece of processing in it. It has further two or more nozzles which can generate b plasma, 
and is each above-mentioned nozzle. The gas port which can feed process gas into the (i) above-mentioned 
processing chamber ****-- The (ii) above-mentioned gas port is surrounded. The plasma ****** from the 
above-mentioned process gas The induction antenna which can do ****** is included. The nozzle of the c 
above-mentioned plurality is a plasma reactor characterized by being combined with the above-mentioned 
processing chamber wall so that the heat generated by the above-mentioned induction antenna may be 
respectively transmitted to a processing chamber wall by conduction. 

[Claim 69] The above-mentioned induction antenna is a plasma reactor according to claim 68 characterized 
by consisting of a conductor surrounded with the jacket of electric insulation. 

[Claim 70] The above-mentioned jacket is a plasma reactor according to claim 69 characterized by being 
spatter-proof nature. 

[Claim 71] The above-mentioned jacket is a plasma reactor according to claim 70 which is a thermally 
conductive jacket. 

[Claim 72] The above-mentioned jacket is a plasma reactor according to claim 71 characterized by 
consisting of a ceramic. 

[Claim 73] The above-mentioned jacket is a plasma reactor according to claim 71 characterized by 
consisting of alumimium nitride. 

[Claim 74] The above-mentioned gap is a plasma reactor according to claim 71 characterized by preventing 
that a conductive deposit combines the above-mentioned segment electrically including the gap from which 
the above-mentioned induction antenna has the external surface exposed to the above-mentioned processing 
chamber, and the above-mentioned exposure front face separates the above-mentioned exposure front face 
into a segment. 

[Claim 75] The above-mentioned gas port is a plasma reactor according to claim 74 characterized by being 

formed so that it may prevent that the plasma is formed in the above-mentioned gas port. 

[Claim 76] The above-mentioned gas port is a plasma reactor according to claim 74 characterized by being 

formed so that formation of the plasma may be permitted in the above-mentioned gas port. 

[Claim 77] The above-mentioned gap is a plasma reactor according to claim 76 characterized by preventing 

that a conductive deposit combines the above-mentioned segment electrically including the gap from which 

the above-mentioned gas port has an inside, and the above-mentioned inside separates the above-mentioned 

inside into a segment. 

[Claim 78] The above-mentioned induction antenna is a plasma reactor according to claim 68 characterized 
by consisting of a conductor surrounded with the spatter-proof jacket. 

[Claim 79] The above-mentioned induction antenna is a plasma reactor according to claim 68 characterized 
by consisting of a conductor surrounded with the thermally conductive jacket. 

[Claim 80] The above-mentioned induction antenna is a plasma reactor according to claim 68 characterized 
by being a coil antenna. 

[Claim 81] The above-mentioned gas port is a plasma reactor according to claim 80 characterized by being 

formed so that it may prevent that the plasma is formed in the above-mentioned gas port. 

[Claim 82] The above-mentioned gas port is a plasma reactor according to claim 80 characterized by being 

formed so that formation of the plasma may be permitted in the above-mentioned gas port. 

[Claim 83] The above-mentioned gap is a plasma reactor according to claim 82 characterized by preventing 

that a conductive deposit combines the above-mentioned segment electrically including the gap from which 

the above-mentioned gas port has an inside, and the above-mentioned inside separates the above-mentioned 
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inside into a segment. 

[Claim 84] The above-mentioned induction antenna is a plasma reactor according to claim 68 characterized 
by a helicon wave being generable. 

[Claim 85] The above-mentioned gas port is a plasma reactor according to claim 84 characterized by being 

formed so that it may prevent that the plasma is formed in the above-mentioned gas port. 

[Claim 86] The above-mentioned gas port is a plasma reactor according to claim 84 characterized by being 

formed so that formation of the plasma may be permitted in the above-mentioned gas port. 

[Claim 87] The above-mentioned gap is a plasma reactor according to claim 86 characterized by preventing 

that a conductive deposit combines die above-mentioned segment electrically including the gap from which 

the above-mentioned gas port has an inside, and the above-mentioned inside separates the above-mentioned 

inside into a segment. 

[Claim 88] Each above-mentioned nozzle is a plasma reactor according to claim 68 characterized by being 
combined with the above-mentioned processing chamber wall so that the heat generated by the above- 
mentioned induction antenna may be transmitted to a processing chamber wall by conduction. 
[Claim 89] It is the plasma reactor according to claim 88 which can be further equipped with RF power 
combined with the induction antenna of each above-mentioned nozzle, can adjust the above-mentioned 
power in independent, and is characterized by combining the gas port of the some of two or more above- 
mentioned nozzles with a source of process gas which is different so that different process gas can be fed 
into some [ of two or more above-mentioned nozzles ]. 

[Claim 90] The above-mentioned chamber wall is a plasma reactor according to claim 89 characterized by 
being formed with the conductive ingredient. 

[Claim 91] The above-mentioned chamber wall is a plasma reactor according to claim 68 characterized by 
being formed with the conductive ingredient. 

[Claim 92] The above-mentioned gap is a plasma reactor according to claim 68 characterized by preventing 
that a conductive deposit combines the above-mentioned segment electrically including the gap from which 
the above-mentioned induction antenna has the external surface exposed to the above-mentioned processing 
chamber, and the above-mentioned exposure front face separates the above-mentioned exposure front face 
into a segment. 

[Claim 93] It is a plasma reactor. It has the wall which limits a processing chamber. The above-mentioned 
chamber holds the piece of processing in it. It has the nozzle of b plurality further and each above- 
mentioned nozzle is secured to the processing chamber wall. Each above-mentioned nozzle Gas port which 
can feed process gas into the (i) above-mentioned chamber Small induction Anh who can generate the 
plasma from the (ii) above-mentioned process gas The above-mentioned miniaturized antenna is arranged 
around the above-mentioned gas port including TENA. (iii) The front face exposed to the above-mentioned 
plasma is included further. The above-mentioned exposure front face ****** The gap which divides a open 
front face into a segment is included, and the above-mentioned gap is conductivity. Plasma reactor which 
prevents that a deposit combines the above-mentioned segment electrically and which is characterized by 
being like. 

[Claim 94] It is the plasma reactor according to claim 93 which is further equipped with RF power 
combined with the above-mentioned small induction antenna, and is characterized by the ability to adjust the 
above-mentioned RF power to each above-mentioned nozzle in independent. 

[Claim 95] The gas port of the some of two or more above-mentioned nozzles is a plasma reactor according 
to claim 94 characterized by being combined with a source of process gas which is different so that different 
process gas can be fed into some [ of two or more above-mentioned nozzles ]. 

[Claim 96] The above-mentioned gas port is a plasma reactor according to claim 93 characterized by being 
formed so that it may prevent that the plasma is formed in the above-mentioned gas port. 
[Claim 97] The above-mentioned induction antenna is a plasma reactor according to claim 96 characterized 
by being a coil antenna. 

[Claim 98] The above-mentioned induction antenna is a plasma reactor according to claim 96 characterized 
by a helicon wave being generable. 

[Claim 99] The above-mentioned gas port is a plasma reactor according to claim 93 characterized by being 
formed so that formation of the plasma may be permitted in the above-mentioned gas port. 
[Claim 100] The above-mentioned induction antenna is a plasma reactor according to claim 99 characterized 
by being a coil antenna. 

[Claim 101] The above-mentioned induction antenna is a plasma reactor according to claim 99 characterized 
by a helicon wave being generable. 
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[Claim 102] It is a plasma reactor. It has the wall which limits a processing chamber. The above-mentioned 
chamber holds the piece of processing in it. It has the nozzle of b plurality further and each above- 
mentioned nozzle is secured to the processing chamber wall. Each above-mentioned nozzle Gas port which 
can feed process gas into the (i) above-mentioned chamber Small induction Anh who can generate the 
plasma from the (ii) above-mentioned process gas The above-mentioned miniaturized antenna is arranged 
around the above-mentioned gas port including TENA. The small induction antenna of c above-mentioned 
each nozzle It is controllable in independent. The gas port of the some of the nozzle of the d above- 
mentioned plurality So that it can feed through the nozzle which has the high power to which the process 
gas which has high ionization energy is impressed to the above-mentioned induction antenna The plasma 
reactor characterized by being combined with a different source of process gas so that it can feed through 
the nozzle which has the low power to which the process gas which has low ionization energy on the other 
hand is impressed to the above-mentioned induction antenna. 

[Claim 103] The above-mentioned gap is a plasma reactor according to claim 102 characterized by 
preventing that a conductive deposit combines the above-mentioned segment electrically including the gap 
from which the above-mentioned nozzle has the front face exposed to the above-mentioned plasma, and the 
above-mentioned exposure front face separates the above-mentioned exposure front face into a segment. 
[Claim 1 04] It is the approach of processing the piece of processing in a plasma reactor. Step which supplies 
process gas to the processing chamber which has a wall Approach characterized by including the step which 
supplies RF power to two or more small induction antennas secured in the above-mentioned processing 
chamber in order to make the plasma generate from the b above-mentioned process gas. 
[Claim 105] The above-mentioned RF power supplied to two or more above-mentioned small induction 
antennas is an approach according to claim 104 characterized by the ability to adjust. 

[Claim 1 06] The approach according to claim 1 04 characterized by supplying different gas to the field of the 
high RF power deposition in the above-mentioned chamber, and the field of low RF power deposition. 
[Claim 1 07] It is the approach according to claim 1 06 characterized by the thing of the above-mentioned RF 
power supplied to near the pole field of a small induction antenna a little at least. 
[Claim 108] It is the approach according to claim 106 characterized by being supplied through a small 
induction antenna a little [ of the above-mentioned process gas ]. 

[Claim 109] The above-mentioned process gas is an approach according to claim 104 characterized by 
including further the step which is supplied to the processing chamber currently formed with the conductive ^ 
wall, and controls the electrical -potential-difference potential of the above-mentioned conductive wall. 
[Claim 110] The approach according to claim 109 characterized by including further the step which grounds 
the above-mentioned conductive wall. 

[Claim 111] The approach according to claim 104 characterized by including further the step which prevents 
that an eddy current flows the inside of the conductive deposit on the front face of two or more above- 
mentioned small induction antennas. 

[Claim 1 1 2] Two or more above-mentioned small induction antennas are approaches according to claim 111 
characterized by being segmented about the gap so that the flow of an eddy current may be prevented. 
[Claim 113] The approach according to claim 112 characterized by including further the step which adjusts 
the temperature of two or more above-mentioned small induction antennas by adjusting the temperature of 
the above-mentioned chamber wall. 

[Claim 114] The above-mentioned process gas is an approach according to claim 113 characterized by 
including further the step which is supplied to the processing chamber currently formed with the conductive 
wall, and controls the electrical-potential-difference potential of the above-mentioned conductive wall. 
[Claim 115] The approach according to claim 104 characterized by including further the step which adjusts 
the temperature of two or more above-mentioned small induction antennas by adjusting the temperature of 
the above-mentioned chamber wall. 



[Translation done.] 
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* NOTICES * 

iTPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

(Technical field) 

This invention relates to an induction antenna plasma reactor. 

[0002] 

(Prior art) 

The conventional inductively-coupled-plasma reactor has the coiled form typically large induction antenna, 
in order to supply RF power which generates the plasma. This large coil antenna is arranged typically on the 
outside of a reactor chamber, and combines RF power through a chamber wall. Such a configuration has 
some faults. 
[0003] 

One fault of this type of reactor is that the gestalt of a reactor restricts the location and effectiveness of 
plasma production. Since the depth of epidermis (skin) is shallow, almost all power is combined with the 
chamber near a chamber wall, the nearer piece of processing — a coil — therefore, the configuration of a 
chamber is changeable so that a high power deposition (power deposition) field may be moved, but when it 
is going to make a high power deposition field into the most advantageous location to the piece of 
processing, it is restricted whether what we do with the configuration of a chamber. These limits are brought 
about from having the impact for the property of the plasma, and the processing parameter relevant to it with 
the serious configuration of a chamber. Therefore, a compromise must be found out between the 
configuration of a chamber, and the pattern of the power deposition of the request in it. Typically, this 
makes optimization of the power deposition in a chamber activation impossible. 
[0004] 

Another fault accompanying the conventional induction reactor is that process gas kind dissociation is easily 
uncontrollable. The plasma is made to form typically using some plasma precursor gas. It depends on 
dissociation and ionization energy of configuration gas for the presentation of the ion or radical generated 
from the mixture of gas. If two precursor gas which has substantially different decomposition voltage is 
used, the precursor gas which mainly has low decomposition voltage will decompose. For example, if both 
C12 and helium are supplied to a chamber, C12 which has the decomposition voltage of about 9-10eV will 
dissociate, ion will be formed, and helium which, on the other hand, has the decomposition voltage of about 
20eV will not be ionized in essence. Even if this makes induction power increase even if, it is the same. 
Thus, the conventional reactor had restricted the plasma kind which can be used in order to follow the mold 
of precursor gas and to process the piece of processing. 
[0005] 

Still more nearly another problem accompanying the conventional induction reactor is a conductive 
ingredient's accumulating on the wall of a reactor and degrading the effectiveness and the engine 
performance of a reactor. From the former, the conventional inductive-coupling etching reactor has been 
used in order to etch aluminum from the front face of the piece of processing. Most of this etching process 
produces the by-product which consists of a fragment of an aluminum chloride (AlClx) and a photoresist, 
and it is tended on the wall of a reactor chamber to deposit these. Since the by-product of aluminum etching 
is not almost completely [ them ] conductivity, **** does not have the serious effectiveness for an etch rate. 
A conductive etching by-product is generated, and when they accumulate on a chamber front face, it cannot 
say in this way. For example, if copper (Cu), platinum (Pt), a tantalum (Ta), a rhodium (Rh), and titanium 
(Ti) are etched especially, a conductive etching by-product will be generated. In order to etch these metals, 
in using the conventional inductive-coupling reactor, a problem occurs. 
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[0006] 

The conductive deposit on a reactor wall degrades the engine performance of a reactor in several reasons. 
The conductive deposit on a wall may decrease the induction power combined with the plasma. Head lining 
and the upper part of a reactor chamber are made from a non-conductive ingredient typically like a quartz, in 
order to make easy association of the power from an induction coil antenna to the plasma. The coat formed 
with a conductive ingredient on the wall of a chamber and head lining has the effectiveness of attenuating 
the induction power combined with the plasma. 
[0007] 

If the coat of the inside of the chamber under an antenna is carried out with a conductive ingredient, an eddy 
current will occur in the ingredient and the power combined with the plasma will be attenuated. Power 
association into the plasma falls graduated and goes as a conductive film accumulates according to a 
continuous process. After etching 100 pieces of processing, the power combined into the plasma observed 
1 0 thru/or decreasing 20%. Such reduction of the induction power combined into a chamber reduces an etch 
rate, and may bring about even the problem which the plasma is made to ignite and is maintained. 
[0008] 

A conductive film may bring about change which is not predicted by the property of the bias power 
impressed, either. Typically, the lower part of a reactor wall forms the anode plate of the bias circuit used in 
order to be made and grounded with the conductive ingredient and to control processing Kataue's ion 
energy. Since the ion drive of the etching is carried out, especially the property of the bias circuit which 
controls the ion energy of processing Kataue under etching is important. 
[0009] 

The conductive film formed on the part from which the chamber wall was insulated may be electrically 
connected to the anode plate part in which the chamber was grounded. This makes an anode area increase 
effectually and brings about change which is not predicted by bias power. 
[0010] 

The fall of inductive-coupling power and the increment in bias power by which capacity coupling is carried 
out have harmful effectiveness to the etching process. Plasma ion density falls by reduction of inductive- 
coupling power, and plasma ion energy increases by the increment in bias power by which capacity 
coupling is carried out. Typically, since it is set before an etching process so that plasma ion density and 
energy may be optimized, if power level has a certain change in these, it can give the impact which is not 
desirable to etching quality. For example, the selectivity of a photoresist falls, the etching halt depth 
becomes shallow, and the ion current / energy distribution, and an etch rate are influenced inconvenient. 
Furthermore, even if it was after etching only two pieces or three pieces of processing even if, it turned out 
that an unnecessary change is observed by the etching profile. 
[0011] 

Of course, the fall of inductive-coupling power can be compensated by making the induction power 
impressed to an induction antenna increase. Similarly, the increment in bias power by which capacity 
coupling is carried out can be compensated by decreasing the power supplied to a pedestal. Or when an 
etching ingredient generates a non-conductive by-product, a chamber wall may often be defecated rather 
than it is needed typically. 
[0012] 

However, generally these types of the coping- with method cannot be performed. The user of an etching 
reactor likes setting up related power level typically according to the so-called "recipe" supplied by the 
reactor manufacturer. It will be hard for almost all users to accept deviating from a recipe, in order to 
compensate a conductive deposit. Furthermore, it is thought that the harmful effectiveness mentioned above 
cannot opt for a necessary change of a power setup beforehand impossible [ prediction ] therefore. 
Therefore, unless the monitor scheme of a configuration with a user is used, a user is almost unable to 
change a power input for compensation demanded, the solution in which the only activation is actually 
possible will be often (frequently like alike, whenever etching actuation is probably completed) making a 
chamber into clarification. However, it will not be accepted in almost all users, since it reduces a throughput 
rate and making the frequency of defecation increase makes cost increased sharply. 
[0013] 

Another problem accompanying the conventional inductive-coupling reactor is too small [ the ratio of the 
surface area of the anode plate part of a wall to a pedestal ]. Since most walls must be non-conductive in 
order to make it easy to combine induction power with the plasma, the conductive part which can operate as 
an anode plate for the capacitive bias supplied from RF power source is only a part of **** of a wall part. It 
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is desirable to make surface area of a pedestal sharply smaller than the surface area of the grounded part, and 
to make negative the average electrical potential difference (called direct-current bias voltage in many cases) 
of the front face of the piece of processing. This negative average electrical potential difference is used in 
order to draw the just charged ion from the plasma to the piece of processing. However, if only small [ more 
slightly / so that typically / than the surface area of the part in which the surface area of a pedestal was 
grounded ] in the conventional inductive-coupling plasma-etching reactor, the negative average electrical 
potential difference of the front face of the piece of processing will become comparatively small. Since only 
weak attractive force can be acquired in this small average bias voltage, average ion energy becomes 
comparatively low. In order to optimize plasma ion energy, without doing serious damage for the piece of 
processing so that the maximum etch rate may be obtained, a negative bias voltage value also with the high 
twist which can be typically acquired using the conventional inductive-coupling plasma-etching reactor is 
required. In order to generate the one half of the negative average electrical potential difference in which the 
max of the front face of the piece of processing is possible, i.e., a p-p electrical potential difference, it is 
ideal to enlarge surface area of the part in which the wall was grounded enough as compared with the 
surface area of a pedestal. 
[0014] 

Still more nearly another problem accompanying the conventional inductive-coupling reactor includes 
cooling of the wall of a chamber. Almost all processes are stable and efficient only within the case where it 
is typically maintained within limits with narrow chamber temperature. Since formation of the heat which 
the plasma generates may make it go up from the narrow range of which chamber temperature is required, in 
order to maintain optimum temperature in a chamber, it is desirable to remove heat from a chamber. This is 
attained by pouring a coolant fluid typically through the channel for cooling formed in the conductive part 
of a chamber wall. Since it is not easy, forming the channel for cooling in the insulating part of a chamber 
wall sprays air on these walls from the exterior. The problem to generate is that the thermal conductivity of 
the quartz currently used typically or an electrical insulation material like a ceramic is also low, in order to 
form a chamber wall. Therefore, a chamber wall is not ideal to transmit heat from a chamber. Consequently, 
it is tended to change chamber temperature, in order that the heat transfer from a chamber may stagnate in 
the field which touches an insulating chamber wall more sharply than the temperature desired, it often 
comes out to change temperature across the narrow range which is demanded for efficient etching 
processing and which was mentioned above. 
[0015] 

These excessive temperature fluctuation may bring about another problem. As mentioned above, the 
inclination which a deposit deposits on a chamber wall is in an etching process. When it is going to control 
chamber temperature by carrying out air cooling of the insulating chamber wall, there is an inclination the 
layer of the deposit formed in whenever [ chamber wall-temperature ], and its inside carries out [ an 
inclination ] a cycle. This cycling brings about thermal stress in the layer of the deposited ingredient, makes 
the piece of an ingredient exfoliate from a wall, and is dropped in a chamber. It may stagnate at the bottom 
of a chamber that the released deposit ingredient also makes the piece of processing pollute (therefore, 
frequent chamber defecation is needed). 
[0016] 

(Outline of invention) 

This invention offers the improved plasma reactor which uses two or more small induction antennas in order 
to generate the plasma which processes the piece of processing. What well-known type of induction antenna 
can also be used for the small induction antenna of this invention. A coil mold antenna, the looping antennas 
which can generate the Helicon (helicon) wave, and those combination can be used for the gestalt of 
operation of this invention. 
[0017] 

With the gestalt of 1 operation, a small coil antenna is secured in a processing chamber, and the plasma is 
generated. A small coil antenna can be arranged in a chamber so that both the pole field of an antenna may 
combine power to the plasma. By making an antenna immersed in the plasma, induction power can be more 
efficiently combined to the plasma. If the interior induction coil of small is used, it will also become 
possible to carry out orientation of the coil in accordance with a chamber wall besides carrying out 
orientation of the coil to a right angle to a chamber wall. Power association to the plasma is further 
improvable with this. 
[0018] 

In order that the gestalt of operation of this invention may control the piece processing of processing to 
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fitness more in addition to improving power association to the plasma, it enables it to adjust the power 
deposition in a chamber. The number and location of a miniaturized antenna in a chamber can be chosen so 
that a plasma property may be optimized. Furthermore, in order to improve a plasma property, an antenna is 
fixable to a top wall, a side attachment wall, or a bottom wall. Furthermore, the power deposition in a 
processing chamber can be adjusted by changing the magnitude and phase relation of RF power which pass 
along the orientation of a coil, and each antenna. 
[0019] 

The gestalt of desirable operation of this invention introduces plasma precursor gas alternatively into 
quantity and a low power deposition field. Process gas can be fed near the antenna chosen so that high 
power might be supplied. It can be fed through the core of between the reverse poles of the antenna which 
adjoins in order to improve near [ one ] a pole field and a plasma property, a coil, or a loop antenna. 
[0020] 

Furthermore, it is combinable with the source power of RF so that RF power deposition in a chamber can be 
chosen according to the antenna location in a chamber, and an antenna can be adjusted separately. High 
power deposition is separated for example, from the piece of processing, and is supplied, and on the other 
hand, low power deposition can be made to be able to approach the piece of processing, and can be supplied. 
Thereby, a plasma property is optimized and it becomes possible to improve the piece processing of 
processing. For example, the plasma which has more ion using a high deposition field can be made to be 
able to form, on the other hand, a more nearly reactant neutral can be made to form using a low deposition 
field, and these are mixable in order to acquire the plasma property improved by processing Kataue. 
[0021] 

The gestalt of this desirable operation will also expand selection of precursor gas, and enables an 
improvement of a plasma property by it. For example, high ionization energy gas like helium can be 
introduced into a high power deposition field (in order to obtain the ion controlled easily, before mixing it 
with other gas), on the other hand, another process gas can be introduced into a low deposition field, a 
reactant neutral can be generated, and the plasma which has the property which subsequently combined and 
has been improved by processing Kataue can be generated. 
[0022] 

With the gestalt of desirable operation, the internal antenna of this invention is manufactured so that 
unnecessary sputtering of an antenna may be prevented. Although it is possible to form an antenna with non- 
sputtering and a conductive ingredient, it is desirable to form the antenna of a conductive ingredient and to 
surround it with a non-sputtering jacket completely partially current. It prevents a non-sputtering jacket 
carrying out the spatter of the ingredient with which the plasma in a processing chamber is located under a 
jacket into a processing chamber. With the gestalt of 1 operation, an antenna is formed with the conductor 
material embedded in the non-sputtering jacket. The surrounded non-sputtering jacket enables it to rotate a 
coil within a jacket with the gestalt of another operation. Furthermore, with the gestalt of another operation, 
shielding can be inserted into a jacket and RF power can be covered from a processing chamber. 
[0023] 

With the gestalt of desirable operation, the antenna is combined with the chamber wall so that the heat 
which an antenna generates may be transmitted to between a jacket and a chamber wall by conduction, in 
order [ thus, ] to carry out — an antenna — soldering — ****ing — a stop and taking a seat — or other than 
this, it can be alike and can combine with a chamber wall by the adhesion, fusion, or mechanical connection 
to it. Thereby, what the temperature of a chamber wall is adjusted for can adjust the temperature of an 
antenna which is the jacket part of an antenna specifically. It can give that adjustment of a jacket prevents a 
certain deposition of a up to [ the crack of a jacket, flake-izing, and the front face of a jacket ]. This develops 
the service life of an antenna and prevents contamination of the piece of processing. 
[0024] 

Preferably, a non-sputtering jacket is electric insulation and is made from the ingredient which presents low 
RF power attenuation. With the gestalt of such operation, the front face of the antenna exposed to the plasma 
can be segmented, and the flow of the eddy current in the conductive ingredient deposited on the front face 
of an antenna can be decreased. With the gestalt of some operation, the part on the front face [ like / near a 
pole field ] of exposure or other high power deposition fields can be segmented, and the flow of the eddy 
current in a deposit can fully be decreased. 
[0025] 

With the gestalt of desirable operation, gas separates the exposure front face of an antenna so that it may 
prevent that a conductive deposit combines the separated front face electrically. A gap is formed typically, 
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and while preventing that a conductive deposit combines the front face segmented by making a side 
attachment wall into sufficient die length to gap width of face, it also prevents that the plasma occurs in a 
gap. With the gestalt of 1 operation, gaps are about 0.025 thru/or 1mm, and the ratio of height opposite 
width of face is larger than about 5. As an alternative, additionally, the configuration of the side attachment 
wall which forms the gap can be adjusted so that it may prevent that a conductive by-product combines the 
segment of an antenna. With the gestalt of another operation, a side attachment wall cuts near a chamber 
wall deeply, and has made the gap the configuration of the !, T" typeface. 
[0026] 

As mentioned above, with the gestalt of operation of the some of this invention, process gas can be 
alternatively introduced into quantity or a low power deposition field. With the gestalt of operation of the 
some of this invention, two or more process gas can be individually fed into a chamber through an antenna. 
With the gestalt of this operation, an antenna can be made from a conductive ingredient and it can surround 
with electric insulation and a thermally conductive non-sputtering ingredient. An antenna encloses a port, 
and it can use it in order to make the plasma generate an outside or inside a port. As mentioned above, the 
front face of the antenna exposed to the plasma can be segmented, and it can prevent that the eddy current in 
a conductive deposit attenuates the power combined with the plasma. The external surface of an antenna, a 
port, or both can be segmented. The antenna which encloses a port and it is extended from the wall of a 
processing chamber, or forms the nozzle which carried out the recessus to Kabeuchi. If the gestalt of this 
operation is used, process gas can be fed through the core of the coil combined with a chamber wall as 
mentioned above, or a looping helicon wave antenna. 
[0027] 

Each gestalt of operation of the interior induction antenna of small of this invention can be arranged in any 
gestalten in a processing chamber, and makes processing Kataue generate a desired plasma property, as 
mentioned above. Furthermore, any numbers or the small induction antenna of size can be arranged in a 
processing chamber. The gestalt of some operation can use the miniaturized antenna of various sizes, and, 
on the other hand, the gestalt of other operations can improve processing with the existing chamber and an 
antenna layout using the small induction antenna of this invention. 
[0028] 

The gestalt of desirable operation of this invention also offers a conductive chamber wall, in order to 
improve the piece processing of processing further. The advantage of arranging an antenna in a processing 
chamber is making the size of the conductive part of the chamber wall which operates as an anode plate for 
a direct-current bias circuit increase. While being able to optimize processing speed by preparing a larger 
anode plate, serious damage for the piece of processing will not be done. 
[0029] 

A conductive wall can be manufactured with the protective layer which forms the part of the wall suitable 
for the interior of a chamber. This protective layer protects that the spatter of the ingredient is carried out 
from a chamber wall by the plasma formed in a chamber. Since the ingredient by which the spatter was 
carried out from the wall degrades processing quality and pollutes the piece of processing when this 
protective layer does not exist, it comes to damage the device formed on it. With the gestalt of 1 operation, a 
conductive chamber wall is made from aluminum and has the protective layer of an aluminum oxide 
(namely, aluminum by which anodizing was carried out). However, a protective layer can also be a 
conductive ceramic ingredient like boron carbide. 
[0030] 

Furthermore, since a chamber wall can be made into conductivity, presenting effectiveness harmful to a 
plasma property of any conductive deposits on a chamber wall is lost. For example, capacity coupling of RF 
power brought about by the electrical coupling of the deposit to the touch-down field of the reactor which 
operates as an anode plate for the energized piece pedestal of processing, and the sudden increment in ion 
energy do not exist. Therefore, even if the coat of the wall of a chamber is carried out by processing with a 
conductive deposit, a plasma property will cease to change by using the conductive chamber wall grounded 
electrically with the interior induction antenna of small. 
[0031] 

Moreover, the chamber wall made from a conductive ingredient like aluminum presents the larger thermal 
conductivity for whether your being Haruka than the electrical insulation material used from the former like 
a quartz or a ceramic. Thereby, heat is quickly transmitted to the coolant fluid which flows through the 
channel for cooling formed in chamber Kabeuchi from the interior of an antenna and a chamber. Therefore, 
it is easy to maintain a narrow chamber temperature requirement and to avoid the crack of the deposit on the 
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chamber wall in the conventional reactor and the problem relevant to exfoliation. Furthermore, it is easy to 
form the channel for cooling in an aluminum chamber rather than it can set in the conventional quartz wall, 
and it is cheap. 
[0032] 

A plasma property is more controllable to fitness by adjusting the amount of RF power supplied to an 
induction coil antenna and the energized pedestal in addition to the advantage which the gestalt of the 
operation which has a conductive wall mentioned above. For example, the plasma combined in capacity can 
be made to form by supplying RF power only to a pedestal (and/or, conductive chamber wall). The plasma 
combined inductively can be made to form by supplying RF power only to an induction antenna or the 
selected antenna on the contrary. Or a reactor can be operated using mixing of a certain request of RF power 
combined inductively and in capacity. Namely, a reactor is in inductive-coupling mode, and is in capacity- 
coupling mode, or can be operated in combination mode. In order to make various actuation by this carry 
out through a large process window, an opportunity to use a reactor is given. 
[0033] 

In addition to the advantage explained above, other purposes and advantages of this invention will become 

clear from the detailed explanation based on the following accompanying drawings. 

[0034] 

(Gestalt of operation) 

The small induction coil 100 within the wall 210 of the plasma reactor chamber 200 is shown in drawing 1 
A. A wall 210 can also be a side attachment wall, a top wall, or what kind of wall that limits a chamber 200 
like a bottom wall typically. The source 150 of RF supplies power to the small induction coil 100. A small 
induction coil carries out induction of the magnetic field (not shown), and this magnetic field carries out 
induction of the electric field (not shown), and makes the plasma generate in a chamber 200. 
[0035] 

When using the internal induction antenna of drawing 1 A and IB, these antennas can be made immersed in 
the plasma. By making an antenna immersed in the plasma, induction power can be more efficiently 
combined with the plasma. By using the interior induction coil of small, orientation of the coil can be carried 
out in accordance with a chamber wall besides carrying out orientation of the coil at a right angle at a 
chamber wall. Association of the power to the plasma is further improvable with this. Drawing 1 A and IB 
show the possible orientation of the some of the small induction coil 100 within a chamber 200. Since a coil 
100 is in a chamber 200, as shown in drawing 1 B, orientation of the coil can be carried out, and induction 
power can be more efficiently combined to the plasma. In drawing 1 B, orientation of the instant magnetic 
field can be carried out so that both pole field 1 10b 1 and HOB" may be exposed to the plasma. Pole field 
1 10b f and HOB" feed almost all induction power. Therefore, induction power association to the plasma can 
be made to increase further by making induction antenna 100b immersed in the plasma by carrying out 
orientation of the antenna so that both pole 1 10b' and HOB" may feed induction power into the plasma. 
[0036] 

In typical application, a plasma reactor can use some small induction coils in order to generate the plasma 
for the piece processing of processing. It is desirable to arrange a coil so that the uniform plasma may be 
acquired by processing Kataue with the gestalt of such operation. By changing the location of a coil, 
changing the orientation of a coil, or by adjusting the magnitude and phase relation of RF induction power 
which pass along each of each coil antenna, and changing the profile of the power deposition in a chamber, 
according to this invention, a small induction coil can be used so that the homogeneity of the plasma inside a 
chamber may be adjusted. 
[0037] 

Drawing 2 A-2C is the cutting plan showing the possible array of the interior induction antenna 300 of small 
in a chamber 200. In drawing 2 A-2C, the coil antenna is arranged around the core of a chamber 200. The 
interior induction coil antenna 300 of small is securable for it, a top wall, i.e., near head lining, a chamber 
or. 

[0038] 

drawing 2 A and 2B — a coil antenna 300 — an instant magnetic field polarity — it is arranged as the core of 
a chamber met in 3 10. In drawing 2 A, a coil antenna 300 is driven according to one power source (not 
shown) or two or more power sources so that the instant magnetic field of an adjoining antenna may present 
antipole nature toward the core of a chamber 200. Moreover, with the gestalt of operation of drawing 2 A, 
the pole 3 1 0 with which the antenna which counters has met the core of a chamber 200 is presenting 
reversed polarity. 
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[0039] 

In drawing 2 B 5 a coil antenna is driven so that the same polarity may be presented on the pole 310 with 
which the instant magnetic field of an adjoining antenna has met the core of a chamber 200, and so that the 
pole 310 with which the antenna which counters has met the core of a chamber 200 may have the same 
polarity. 
[0040] 

In drawing 2 C, the coil antenna 300 is circularly arranged so that the antenna with which the pole 310 
adjoins may be turned to. Like the gestalt of operation of drawing 2 A and 2B, interconnect of a coil antenna 
300 and the phase relation of source power can be chosen so that processing Kataue's plasma may become 
homogeneity. For example, in some application, the near pole of an adjoining antenna can present reversed 
polarity. 
[0041] 

The coil antenna 300 of drawing 2 A-2C is securable for one or more side attachment walls 220 of a 
chamber, as shown in drawing 3 . Furthermore, as shown in drawing 4 , an antenna is also securable for the 
bottom wall 230 of a chamber 200. Furthermore, in order to adjust the power distribution in a chamber 200, 
the antenna 300 of any numbers can be used. Thus, the homogeneity of the plasma on the piece 10 of 
processing can be optimized by changing those locations in the number of antennas, and a chamber 200. 
[0042] 

Drawing 5 shows another possible array of the coil in a chamber. Especially the antenna 300 can be 
arranged in the shape of [ globular form ] dome shape, as shown in drawing 5 . In order to optimize the 
power deposition in a chamber 200, in addition to adjusting the location and phase relation of an antenna 
300, the amplitude of each antenna coil can also be adjusted. For example, the further antenna from a 
pedestal 16 can supply much power to the plasma-like [ antenna / near / proportionally ] by that cause. 
[0043] 

Furthermore, the gestalt of desirable operation of this invention enables control by which plasma species 
density has been improved. On the other hand, law is a thing which enable it to attain this and for which 
precursor gas is alternatively introduced in the quantity in a chamber, or the field of a low power field. In 
order to control a plasma property, the power level of an antenna 300 can be adjusted in independent. For 
example, with the gestalt of operation of drawing 6, one or more precursor gas can be supplied through the 
gas port 270 arranged near head lining in which the antenna 300 chosen so that high power may be supplied 
is attached, and, on the other hand, a gas port 275 supplies one or more same precursor gas in near the side 
attachment wall in which the low power antenna 300 is attached. Therefore, the overall characteristic of the 
plasma is controllable by adjusting the power level supplied to each of each antenna 300. 
[0044] 

It is also possible to supply different plasma precursor gas into quantity and a low power deposition field. 
With the gestalt of such operation, the gas which has high ionization energy can be supplied into a high 
power field like the pole 310, and the gas which has low ionization energy on the other hand can be 
introduced into the field of low power. For example, with the gestalt of operation of drawing 6 A and 6B, 
one precursor gas which has high ionization energy can be supplied through the gas port 270 arranged near 
head lining in which the high power antenna 300 is attached, and, on the other hand, a gas port 275 supplies 
the precursor gas which has low ionization energy to the side-attachment-wall 220 neighborhood in which 
the low power antenna 300 is attached. 
[0045] 

The advantage of being able to supply precursor gas which is different to the field of quantity or low power 
deposition is that it expands the mold of the precursor gas which can be used in order to make the plasma 
form. Consequently, the property of the plasma can improve so that the piece processing of processing may 
be optimized. For example, helium can be used instead of Ar as a source of ion. One advantage of helium 
when comparing with Ar is that helium cation is not MASSHIBU from Ar cation. Therefore, helium cation 
is more sharp to the impressed piece bias of processing. Consequently, higher processing speed becomes 
possible, without doing charge damage to the piece of processing. 
[0046] 

Still more nearly another advantage of the gestalt of desirable operation of this invention is not making a 
chamber from an insulating material. In order to prevent the magnetic field generated by external coiling 
declining sharply conventionally, the part of the chamber wall located under an induction coil antenna had 
to be made from the non-conductive ingredient which is a quartz or a ceramic typically. It is not necessary to 
take this problem into consideration any longer by arranging a coil inside a chamber. Therefore, a chamber 
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wall can be made from a conductive ingredient like aluminum. 
[0047] 

Much desirable effectiveness is acquired by making a chamber wall into conductivity. The chamber walls 
220 and 240 can be grounded electrically, and it can be made to serve as electric touch-down for RF power 
supplied through a pedestal 16, as shown [ 1st ] in drawing 35 . The surface area of the chamber walls 220 
and 240 is larger than the crawler bearing area used conventionally for whether your being Haruka. 
Furthermore, it is conductivity now and the surface area of the chamber walls 220 and 240 grounded 
exceeds sharply the surface area of the pedestal 16 by which RF energization is carried out. Since negative, 
thereby more large bias voltage occurs, it makes it possible to generate the more nearly optimal plasma ion 
energy and the directivity for the front face of the piece of processing. 
[0048] 

also setting it as the electrical-potential-difference potential in which others have drawing 35 in the thing 
which are desired although the whole is formed with a conductive ingredient and shows the chamber wall 
grounded, and for which some walls will be formed with a non-conductive ingredient if it becomes, or a 
wall — or it wishes — if it becomes, it can also float. As mentioned above, the advantage of this invention is 
that it removed the limit to the size of the charge of a non-conductive chamber wallplate and arrangement 
which are imposed by the external induction antenna. 
[0049] 

Another advantage of using a conductive chamber wall is solving the problem of the electrical-potential- 
difference shift generated when the conductive deposit on a dielectric wall combines with the field where 
the chamber's was grounded electrically. The chamber walls 220 and 240 are already conductivity, since it is 
grounded electrically, even if an additional conductive ingredient accumulates on the inside of a wall, are 
unrelated and do not influence bias voltage or a plasma property at all. 
[0050] 

Still more nearly another advantage of using the conductive chamber walls 220 and 240 is being able to 
heighten the capacity which cools these walls. For example, the chamber wall made from aluminum 
presents thermal conductivity high for whether your being Haruka as compared with the wall made from the 
quartz of the conventional inductive-coupling plasma-etching reactor (for example, quartzes are 0.8 W/mK 
to aluminum being 204 W/mK). Furthermore, the channel 216 (shown in drawing 7 A-7B) for cooling is 
easily formed in the aluminum chamber wall 212, it is possible to make the whole chamber from aluminum 
now, and the channel 216 for cooling can be distributed over the whole chamber wall. Thereby, in the 
conventional inductive-coupling RF plasma reactor, the need of carrying out air cooling of the exterior of 
the needed chamber wall is eliminated. It is the heat transfer approach efficient for whether your being 
Haruka to pass a coolant through the channel 212 for internal intercooling. Therefore, heat transfer to the 
coolant fluid which flows the inside of the channel 216 for cooling currently formed in the chamber wall 
212 from a chamber 400 is quick for whether your being Haruka. With this heat transfer rate that increased, 
fluctuation of chamber temperature can be made small whether you are Haruka. Consequently, efficient 
etching processing can be guaranteed and chamber temperature can be easily maintained in a narrow 
temperature requirement required in order to prevent a contamination deposit's breaking and exfoliating 
from a chamber wall. 
[0051] 

However, a metal conductive chamber wall like aluminum may have a potential fault. It is tended under 
some processing conditions to carry out the spatter of these ingredients. The ingredient by which the spatter 
was carried out from the wall pollutes the piece of processing, and there is a possibility of damaging the 
device formed on it. This potential problem can be prevented by making a protective coating 45 form in the 
inside of a chamber wall, as shown in drawing 5 . This coat 45 bears the effectiveness of the plasma, and it 
is designed so that it may prevent carrying out the spatter of the conductive ingredient into a chamber 200 
by that cause, furthermore, a wall presents a coat 45 — to an electric and thermal property, serious 
effectiveness is designed so that there may be no ****. If a chamber wall is aluminum, what is done for 
anodizing of the inside (that is, a coat is carried out in the layer of an aluminum oxide) is desirable. An 
anodizing finishing aluminum layer gives the protection property mentioned above. As an alternative, in 
order to prevent sputtering and surface reaction of a wall, a conductive ceramic ingredient can be chosen so 
that the inside of a chamber may be formed, or so that the coat of them may be carried out. For example, 
boron carbide is suitable selection. 
[0052] 

The same sputtering problem exists also in the small coil antenna mentioned above. If the coil antenna is 
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formed with the metal, unnecessary sputtering by the plasma pollutes the piece of processing, and coil 
structure may be corroded quickly. In order to prevent this, it is made from the gestalt of 1 operation with a 
non-sputtering conductivity ingredient like the conductive ceramic like boron carbide. With the gestalt of 
another operation, the coil antenna was formed with the metal core and has isolated it from the plasma with 
the non-sputtering ingredient. 
[0053] 

With the gestalt of 1 operation, as shown in drawing 7 A, the metal coil 402 can be surrounded with the non- 
sputtering jacket 412. Also as for the non-sputtering jacket 412, it is desirable that it is a poor conductor like 
the ceramic like alumimium nitride, and is a good conductor. A miniaturized antenna 400 is combinable 
with the wall 212 of a chamber so that the heat exchange channel or conduit 214 which gives the path of a 
heat flow may be formed between an antenna 400 and a wall 212. the gestalt of 1 operation — heat exchange 
— in order to transmit the heat which the antenna 400 generated to a chamber wall by conduction, a conduit 
214 couples an antenna 400 directly with a wall 212 by soldering an antenna 400 in a wall 212 etc., and is 
made, an antenna 400 - ****i n g — a stop, adhesion, fUsion, etc. — a wall — connection — or — other than 
this — alike — joining together — heat exchange - a conduit can be made to form 
[0054] 

By combining an antenna 400 with a wall 212, the temperature of a wall 212 can be adjusted and the 
temperature of an antenna 400 can be adjusted. Therefore, the temperature of an antenna 100 can be 
adjusted by carrying out the pumping of the coolant through the channel 216 within the reactor wall 212. 
Combining an antenna 400 with a wall 212 so that an antenna 400 may make a wall 212 conduct heat, and 
adjusting the temperature of a wall 212 constitutes the means for adjusting the temperature of an antenna 
400. 
[0055] 

Adjusting the temperature of an antenna 400 prevents the crack of a jacket 412, and flake-ization, and it 
prevents the crack of a certain contamination deposit and flake-izirig which may be accumulated on the front 
face of an antenna 400. Typically, a crack and flake-ization are generated by the thermal-expansion cycle. 
For example, the antenna which is not adjusted can be given to 500 degrees C or the temperature beyond it, 
and, subsequently is cooled to a room temperature. This type of temperature cycle has a possibility of 
making the coat the front face of an antenna, or on it, an accumulation object, or the jacket itself producing a 
crack or a flake. If the antenna is located processing Kataue or near the and a temperature control is not 
carried out, it is possible that a piece pollutes the piece of processing. Furthermore, if the temperature of an 
antenna is adjusted, possibility that a jacket and a conductor will dissociate will decrease. It depends for the 
optimal operating temperature of an antenna on the presentation of the mold of a by-product, and an 
antenna. It can be determined easily experientially and predicted to be what it is to about 100 to 300 degrees 
C. 

[0056] 

With the gestalt of this operation, the good conductor which transmits heat quickly is chosen so that an 
antenna 400 may not be heated by the ununiformity. If heated by the ununiformity, thermal stress is brought 
to an antenna 100 and the dependability may be reduced, a current — a conductor — if a coil 402 is passed, 
with a conductor, heat will be generated and it will heat an antenna 400. Since it is cooled with a wall 212, a 
temperature gradient may generate an antenna in an antenna 400. By using a good conductor, the 
temperature gradient in an antenna can be decreased so that an antenna 400 may be degraded or an antenna 
400 may not receive sufficient thermal stress which degrades association with an antenna and a wall. 
Furthermore, the thermal conductivity of an antenna must enable it to optimize the temperature of an 
antenna so that an antenna or a by-product may not flake-ize, and so that deposition of the by-product on the 
front face of an antenna can be controlled as mentioned above. 
[0057] 

without making the jacket of a poor conductor form produces the path which reaches touch-down through 
the grounded chamber wall 212 — a conductor — a means to combine a coil 402 with the conductive 
chamber wall 212 is given. If the non-sputtering jacket 412 is formed with a conductive ceramic ingredient 
like boron carbide, a jacket 412 is combinable with a wall 212 through the electric insulation layer (not 
shown) formed between conductive jacket 412 ingredient and the conductive chamber wall 212. thus, the 
heat exchange in which a heat-conduction layer will be formed of association with an antenna and a 
chamber wall if it carries out — a conduit is constituted and a means by which this adjusts the temperature of 
an induction antenna by adjusting the temperature of a chamber wall is constituted. 
[0058] 
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Drawing 7 A shows the gestalt of possible operation of the interior induction antenna 400 of small of this 
invention. In the gestalt of operation of drawing 7 A, a jacket 412 is formed in the configuration of a block 
and the conductive coil 402 is arranged in the jacket 412. As shown in drawing 7 A, a coil 402 can be 
wound around the surroundings of an iron core 414 in order to improve a magnetic-flux property. As shown 
in drawing 7 A, carrying out direct continuation of the coil 402 to RF power source can also interconnect to 
RF power source through other antennas. 
[0059] 

An antenna 400 is combinable with the chamber wall 212 with soldering 214. The soldering association 214 
makes it possible to exchange heat between an antenna 400 and a wall 212. In the gestalt of this operation, 
the temperature of a jacket 412 and the temperature of a conductor 402 are adjusted by carrying out the 
pumping of the coolant through the channel 214 within a wall 212. between an antenna and walls — heat 
exchange — in order to form a conduit, combining with a wall 212 passes over an antenna 400 only to one 
approach by soldering, the gestalt of operation of drawing 7 A - the heat exchange between an antenna 400 
and a wall ~ the conduit 214 must have sufficient thermal conductivity whose adjustment of temperature is 
enabled so that an antenna and wall association may not be separated so that a crack or flake-ization may not 
arise at an antenna by the thermal-expansion cycle of an antenna 400. 
[0060] 

The gestalt of operation of drawing 7 A is also using the gap 422 for the front face of the antenna exposed to 
the interior of a chamber 200. Separation of the exposure front face of an antenna decreases the eddy current 
which may be generated in the conductive deposit (not shown) formed on the front face of an antenna. 
[0061] 

The eddy current in the conductive by-product on the front face of an antenna 400 attenuates power 
association between an antenna 400 and the plasma. Therefore, the power fed by the plasma decreases 
gradually and goes as the piece of processing is processed. This influences a plasma property like a 
consistency and a plasma-etching rate. Since the piece processing of processing needs precise control of a 
plasma property, fluctuation of antenna power association degrades the piece processing of processing. 
[0062] 

Induction of the eddy current is carried out by the electric field 418 accompanying the changing magnetic 
field 416 which is generated by RF power which passes along a coil 402. The gap 422 is formed so that it 
may prevent that a conductive deposit connects electrically between the front faces separated with the gap 
422. Furthermore, the gap 422 in the front face of an antenna 400 answers electric field 418 and a magnetic 
field 416, and orientation is carried out so that it may prevent that they pass an eddy current. 
[0063] 

With the gestalt of operation of drawing 7 A, the gap is horizontally formed along the front face of the 
antenna pole field 410' and near 410." When using the interior antenna 400 of small, pole field 41 0 1 and 
410" are high power deposition fields. Thus, a gap 422 can be formed only near pole field 410' and 410" so 
that almost all eddy current loss may be decreased. Although not illustrated to drawing 7 A, in order to 
decrease eddy current loss further, it is possible to make a gap form in any front faces in which a conductive 
deposit may be formed. 
[0064] 

Drawing 7 B shows the side face of the gestalt of another operation of this invention. In addition to the level 
gap, in the gestalt of this operation, the perpendicular gap 424 is formed along the front face of the antenna 
400 near pole field 410'. Furthermore, the gap 426 is also formed along the front face of the antenna in the 
non-pole field of an antenna 400. 
[0065] 

The flow of an eddy current is prevented by separating or segmenting the front face of an antenna 400. 
Thus, separating the front face of an antenna 400 with a gap 422 constitutes the means for improving further 
the induction power which the eddy current generated in the conductive deposit on the front face of an 
antenna is decreased, and is combined to the plasma. 
[0066] 

Drawing 8 A and 8B are referred to. With the gestalt of desirable operation, the conductive deposit of the 
size of a gap 422 is fully large so that it may prevent connecting electrically the front face which bridges a 
gap and is separated with the gap. Furthermore, with the gestalt of desirable operation, gap size is chosen so 
that the plasma may not be generated in a gap 422. Therefore, the maximum gap size is governed by the 
equation of the following debyes (Debye). 

lambdaDe=(epsilonO Te/enO) 1/2 — here - lambdaDe - Debye length - it is - epsilon 0 — the permeability 
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of free space, and 8.854x10-12 F/m - it is — Te — electron-temperature =4V — it is — e — an electronic non- 
sign charge — it is — nO is a plasma consistency. 

In typical application, a gap is formed so that it may have the parallel side attachment wall extended in the 
bottom of the exposure front face of a jacket 402, as shown in drawing 8 A, and these side attachment walls 
are separated by width of face of about 0.025mm thru/or 1mm. 
[0067] 

In order to prevent combining electrically the front face 432 where the conductive deposit in a gap 422 was 
separated, parallel side-attachment-wall 434a has the typically larger aspect ratio than 5. With the gestalt of 
operation of drawing 8 B, a jacket 402 can be formed so that it may prevent that the part of the gap 422 
extended in the bottom of the front face 432 of an antenna forms the "T" typeface, and a conductive by- 
product combines a segment. The die length of side attachment walls 434a and 434b enlarges enough 
combining the front face 432 where the conductive ingredient deposited in the gap was separated as 
compared with the width of face of a gap 422 so that it may prevent. 
[0068] 

Drawing 9 A is referred to. With the gestalt of still more nearly another operation of this invention, the coil 
412 is partially surrounded with the jacket 502, and is located in the internal part 504 of the antenna 500 
currently formed with the jacket 502. With the gestalt of this operation, from the jacket 502 of an antenna 
500, heat is carrying out the seat of the antenna 500 into the chamber wall 222 using well-known 
mechanical connection of a flange 226, chasing, and others so that it can flow to the chamber wall 222 in the 
association 224 with an antenna 500 and a wall 222. Therefore, the temperature of an antenna 500 can be 
adjusted by adjusting the temperature of the chamber wall 222. Furthermore, with the gestalt of this 
operation, the temperature of an antenna 500 can also be adjusted by cooling the internal part 504. 
[0069] 

Drawing 9 B is referred to. With the gestalt of this operation, in order to control the power profile of the 
outside of an antenna, shielding 540 is used. For example, shielding 540 can be arranged in the internal part 
504 partially or extensively in order to decrease the power deposition in a chamber 200 alternatively. 
Shielding can be arranged near the pole of an antenna 200, or to a non-pole field. 
[0070] 

Drawing 9 C is referred to. It is also possible to form the jacket 602 which has the side attachment wall 606 
of a cylindrical shape. With the gestalt of this operation, in order to change the power deposition in a 
chamber, a coil 412 can be rotated rotating a coil 412 and a jacket 602 together or by rotating a coil within a 
jacket 502. Thus, the orientation of a coil 412 can be adjusted and power deposition in a chamber can be 
made the optimal. For example, the pole orientation of the antenna of drawing 2 A-2C can be obtained 
rotating a coil to a jacket, or by rotating the antenna 600 whole. 
[0071] 

It can also make to form all or a part in midair into a solid, and, as for the internal part which encloses the 
coil and core of drawing 9 A-9C, it can make easy shielding, coil rotation, and/or coil cooling. With the 
gestalt of 1 operation, the glass jacket of the bell mold which has the interior of in the air makes possible 
rotation of an antenna, shielding, and a temperature control, for example, preventing sputtering of a 
conductive coil. 
[0072] 

As mentioned above, the selection to which a plasma property and process gas were expanded in the gestalt 
of operation of the some of this invention is controlled more by what (it is shown in drawing 56 B like) the 
field of quantity or low power deposition is approached, and a gas port is alternatively arranged for to 
fitness, and it becomes possible to improve the piece processing of processing, and cost by it. Furthermore, 
the gestalt of other operations of this invention enables it to supply process gas through the core of the 
selected coil. Drawing 10 A- 1 OF show the gestalt of the possible operation of a small induction coil antenna 
which has the process gas port arranged in a coil. 
[0073] 

Drawing 10 A is referred to. The induction coil 1012 encloses the gas port 1270. With the gestalt of this 
operation, as for the diameter of a port 1270, the plasma is made not to be formed in a port 1270. Therefore, 
the diameter of a port is governed by Debye length. 
[0074] 

Moreover, with the gestalt of this operation, the coil 1012 is embedded in the thermally conductive jacket 
1402, and it can be fixed to a chamber wall so that the heat which the coil generated may be transmitted to a 
chamber wall. Furthermore, the coil should be electrically insulated forming the electric insulator (not 
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shown) divided into the surroundings of a coil 1012, or by forming the jacket 1402 of the electrical 
insulation material which does not attenuate greatly the induction power supplied to a chamber. 
Furthermore, as mentioned above with the gestalt of this operation, it is desirable to form the front face of 
the antenna exposed to the plasma with a non-sputtering ingredient. For example, in some application, 
sputtering is prevented, and in order to give heat conductivity and electric insulation, a jacket 1402 can be 
formed with ceramics, such as alumimium nitride. 
[0075] 

Drawing 10 B is referred to. As mentioned above, in order for a thermally conductive ingredient to 
accumulate and to decrease the eddy current in a conductive deposit, a gap 1 422 can be formed in the front 
face of an antenna 1 100. These gaps 1422 segment the exposure front face of an antenna 1 100, and it 
prevents that an eddy current flows the inside of the conductive deposit on the front face of an antenna 1 100. 
With the gestalt of this operation, as shown in drawing 10 B, a gap 1422 can be approached and formed in a 
pole field, and as crossing the front face of an antenna and lengthening to linearity is also shown in drawing 
10 E, the segment of a segment can also be formed in the front face of the antenna jacket 1702. it wishes 
with the gestalt of this operation - if it becomes, the plasma distribution in a chamber will be controlled — 
as — some [ of a miniaturized antenna ] — or all are boiled, it can be made to be able to approach and a 
magnet 1700 can also be formed. As the chain line has shown, a magnet 1700 can also be wrapped in in a 
jacket ingredient. 
[0076] 

Drawing 10 C is referred to. With the gestalt of another operation, process gas can be fed through the port 
2270 arranged among one or more loop formations of the small induction antenna which can generate a 
helicon wave, and which was strengthened magnetically. With the gestalt of this operation, a conductor 
2012 is made twice into a loop formation around a gas port 2270, and 180 degrees of phases of RF current . 
within two loop formations are shifted so that a helicon wave may be made to spread. The distance between 
loop formations has taken one half of RF periods (in the case of 13.56MHz, it is about 12.5cm) for the 
helicon wave by which induction was carried out to spread between two loop formations. 
[0077] 

The conductor 2012 is embedded in the jacket 2402. As for a jacket, it is desirable to be electric insulation 
and to form with a thermally conductive ingredient by non-sputtering, like the gestalt of operation 
mentioned above. 
[0078] 

The inside and the outside electromagnet 2800 are arranged in the shape of a periphery around the outside of 
a conductor 2012, strengthen plasma generating, and control the plasma distribution in a processing 
chamber. The current in the inside and the outside magnet 2800 can be adjusted so that the magnetic field 
emitted quickly on the outside of a colla tempestade TERARU chamber cylinder may be generated. The 
shaft-orientations magnetic field in a port 2270 leads the plasma to a processing chamber, and the plasma is 
emitted into a processing chamber. This emission is useful also to that of ************ from the piece of 
processing in a magnetic field. An interaction with RF electric field which carried out induction to the shaft- 
orientations magnetic field in a cylinder generates a helicon wave. A helicon wave is spread into a 
processing chamber according to landau (Landau) damping according to dispersion relation. 
[0079] 

Since some attribute and example of a helicon wave plasma production device are indicated by Campbell's 
and others U.S. Pat. No. 4,990,229 on February 5, 1991, U.S. Pat. No. 5,421,891 on June 6, 1995, and U.S. 
Pat. No. 5,429,070 on July 4, 1995 (name common to all "HIGH DENSITY PLASMA DEPOSITION AND 
ETCHING APPARATUS"), please refer to. 
[0080] 

A helicon wave antenna is not limited to the layout mentioned above for generating m=0 helicon wave. For 
example, in order to generate a helicon wave, a single loop antenna can also be used. Moreover, the helicon 
wave in other modes like m= 1 can be made to be able to generate using other antenna configurations, and 
the plasma can be made to form. 
[0081] 

With the gestalt of operation of drawing 10C, the diameter of a port 2270 is chosen so that the plasma may 
not occur in a port 2270. However, with the gestalt of operation of drawing 10 D, the port 3270 is formed so 
that the plasma may be formed in a port 3270. With the gestalt of operation of drawing 10 D, as mentioned 
above, the conductor 3012 is embedded in the jacket 3402. Since the interior of a port is exposed to a 
conductive deposit, in order to prevent decreasing the power with which the eddy current which carries out 
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induction is combined in the conductive accumulated deposit to the plasma, the inside of a port 3270 is 
segmented. Only the whole interior or the part close to the field of high power deposition can be segmented. 
In drawing 10 D, the gap 3422 is segmenting the part 3428 so that it may prevent that an eddy current flows 
the surroundings inside the port near an antenna loop. 
[0082] 

Like the gestalt of operation of drawing 10 C, the magnet 3800 is arranged around the port 3270, generates a 
shaft-orientations magnetic field in a port, and is promoting generation of a helicon wave, and plasma 
distribution of the outside of a port 3270. As the chain line shows, the magnet 3800 is wrapped in in the 
jacket 3402. 
[0083] 

The advantage of the antenna which can generate a helicon wave is that it can operate covering that it 
combines source power efficiently and the source power of RF with wide range it (.05-3. OkW), magnetic 
field strength (30-300G), and a pressure (0.5-50mT). Another advantage of a helicon wave antenna is being 
able to attain an ionization rate with the helicon wave antenna near 100% by adjusting a plasma parameter. 
It is possible to make the plasma flow into a processing chamber so that the more uniform processing 
plasma may be generated from the plasma which a helicon wave generates in a magnetic field being a 
uniform property. 
[0084] 

Drawing 10 E is referred to. It is possible to make the plasma form in the port 4270 which has passed 
through the core of the small coil antenna 4000. With the gestalt of such operation, in order to prevent that a 
conductive deposit is formed in a conductive deposit, the wall of a port 4270 is separated into the segment 
by the gap 4426. Furthermore, a gap 4422 can separate a part of external surface of an antenna 4000, or all. 
[0085] 

Drawing 10 F is the bottom view of the gestalt of still more nearly another possible operation. In the gestalt 
of this operation, the external base of the cylindrical shape antenna 5000 was separated into the segment 
segment by the gap 5422, and it has prevented that an eddy current flows around the bottom of the antenna 
5000 near the pole field of an antenna. Moreover, with the gestalt of operation of drawing 10 F, the gap 
5426 is formed in the inside of a port 5270, and it has prevented that a conductive deposit contacts and 
accumulates on the inside of a port 5270. 
[0086] 

Regardless of the orientation of the conductor in a jacket, the outside of the antenna exposed to a processing 
chamber can be segmented so that it may prevent that the conductive deposit accumulated on these outsides 
contacts and joins together. When an adjoining chamber wall is used as cathode for the bias impressed in 
capacity, the gestalt of this operation can prevent a conductive deposit being electrically combined with a 
chamber wall, and changing cathode area sharply during the piece processing of processing. 
[0087] 

it mentioned above — as — current — electric insulation is desirable and it is forming the antenna of the 
conductive ingredient surrounded with the thermally conductive non-sputtering jacket. With the gestalt of 
other operations of this invention, a conductive ingredient can be surrounded by non-sputtering with the 
jacket of the electric insulation surrounded with the thermally conductive jacket. Furthermore, with the 
gestalt of another operation, in order to prevent that the spatter of the exposure front face of an antenna is 
carried out and to make the temperature control of an antenna easy, a conductor can be surrounded with a 
jacket thermally conductive by the electric insulation which has the non- sputtering jacket which encloses the 
electric insulation jacket completely partially. 
[0088] 

Furthermore, an internal induction antenna is securable, as mentioned above dismountable or fixed in a 
processing chamber sitting down, ****ing and making a chamber wall connect or paste a stop, fusion, or in 
addition to it etc. With the gestalt of desirable operation, in order to make the temperature control of an 
antenna easy, the antenna is combined with the wall so that heat can be exchanged between an antenna and a 
chamber wall. Moreover, an antenna is also securable for supporter material combinable with a chamber 
wall. 
[0089] 

The advantage of the gestalt of operation of drawing 10 A- 1 OF is that it concentrates more to precursor gas 
and can impress source power to it. Moreover, each antenna can be used in order to control the consistency 
of a plasma kind. Furthermore, by having made selection of process gas expand, in order to improve 
processing, each antenna can be used. With the gestalt of such operation, the gas which has high ionization 
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energy can be supplied into a high power antenna, and the gas which has low ionization energy on the other 
hand can be introduced through a low power antenna. For example, with the gestalt of operation of drawing 
11 , the precursor gas which has high ionization energy can be supplied through the high power antenna 
6000 secured to the top wall 6240, and the precursor gas which has low ionization energy on the other hand 
can be supplied through the low power antenna 6100 secured to the side attachment wall 6220. 
Consequently, the property of the plasma is improvable so that the piece processing of processing may be 
optimized. 
[0090] 

In drawing 1 1 , the gas port which passes along antennas 6000 and 6100 and these antennas forms the 
nozzle extended into a processing chamber. Antennas 6000 and 6100 and the nozzle currently formed of the 
gas port are securable connecting with walls 6220 and 6240 mechanically, or by combining with walls 6220 
and 6240. Thus, a nozzle is securable for the chamber walls 6220 and 6240 as shown in drawing 1 1 so that 
they may be extended from walls 6220 and 6240, or so that the recessus may be carried out into a wall 6220 
and 6240. Supposing it wishes, a nozzle is also securable flat- tapped with a chamber wall. Furthermore, in 
order to control processing Kataue's plasma property by the gestalt of some operation, it is possible to 
prepare the nozzle which can be adjusted so that the location of a nozzle can be adjusted. 
[0091] 

As mentioned above, in order to acquire a desired plasma property in the piece of processing, the interior 
induction antenna of small of this invention can be arranged with any gestalten in a processing chamber. 
Furthermore, any numbers or the small induction antenna of size can be arranged in a processing chamber. 
In the gestalt, of some operation, the miniaturized antenna of various sizes can be used and, on the other 
hand, processing can be improved with the existing chamber and an antenna layout with the gestalt of other 
operations using the small induction antenna of this invention. 
[0092] 

According to the gestalt of operation of this invention which uses a conductive chamber wall in addition to 
the advantage explained above, it is possible to be in capacity-coupling mode, and to be in inductive- 
coupling mode, or to operate a reactor in those combination. If RF power can be supplied to a pedestal, 
without supplying RF power to a dielectric antenna, a reactor will operate in capacity-coupling mode. As 
mentioned above, since the surface ratio of a pedestal and a conductive anode plate part is inadequate, in the 
conventional inductive-coupling plasma-etching reactor, this is impossible. In the surface ratio typically 
looked at by the conventional induction reactor, capacity power association becomes poor and it turns out 
that it is inadequate for generating the plasma in a chamber. As an alternative, RF power can be supplied to 
an induction antenna, without supplying RF power to a pedestal. If it does in this way, a reactor will operate 
in inductive-coupling mode. 
[0093] 

In the pressure of the range of an about 1mm torr thru/or a 100mm torr, the inductive coupling is more more 
efficient, and the capacity coupling is more more efficient in the pressure of the range which is an about 
100mm torr thru/or lOtorr on the other hand. Some process is carried out by best using inductive coupling in 
lower pressure workability, and, on the other hand, other etching processes are carried out by best using 
capacity coupling in higher pressure workability. Therefore, since the gestalt of operation of the some of the 
reactor manufactured by this invention can support the processing covering a pressure range large for 
whether your being Haruka, it is rich in versatility from any of the conventional inductive coupling or a 
capacity-coupling plasma-etching reactor. 
[0094] 

Furthermore, inductive coupling generates more ion and, on the other hand, capacity coupling generates 
more reactant neutral kinds. A different process or a different process step requires more ion or more 
reactant neutral kinds depending on the result of a request in many cases. The reactor manufactured 
according to the gestalt of operation of this invention is supplied to a pedestal, and at an internal induction 
antenna, collectively, since the amount of RF power combined inductively and in capacity into a chamber by 
changing the amount of the power supplied separately can be changed easily, it can control the presentation 
of the plasma by the technique of having been impossible at conventional inductive coupling or a 
conventional capacity-coupling etching reactor. For example, it can carry out by the ability making it able to 
join together more inductively so that the plasma in which ion was rich in the step of the some of an etching 
process may be formed, and it can carry out by making it join together in capacity so that the plasma in 
which the reactant neutral was rich on the other hand may be formed. 
[0095] 
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Furthermore, in addition to controlling a plasma property by controlling the power deposition of each 
antenna, in order to maintain the plasma, only one source does not necessarily need to be used for an 
induction antenna. The plasma is partially maintainable at least through capacity coupling which uses the 
pedestal energized not right [ that ]. In order to generate desired seed concentration regardless of power 
required in order to maintain the plasma by this, RF power supplied to an antenna can be adjusted. 
[0096] 

Drawing 12 shows the improved source plasma reactor 7000 of Helicon. A chamber 7200 holds the piece 10 
of processing in it. A part of chamber 7700 contains the inductive-coupling antenna 7000 of the source 
power applicator 7100 of inductive coupling strengthened magnetically. The plasma is generated in a 
chamber 7200 from the process gas for processing the piece 10 of processing. Process gas can be introduced 
through the gas inlet port 7270 arranged near an antenna 7000 or through an antenna 7000. 
[0097] 

The ****** applicator 7100 of drawing 12 can generate a helicon wave, in order to generate the plasma. In 
the conventional reactor which can generate a helicon wave, the duplex loop antenna is arranged around the 
outside of the cylinder of the bell mold part of a chamber. However, with the gestalt of operation of drawing 
12 , the antenna 7000 is formed in the bell mold part 7750 of a chamber 7200. 
[0098] 

In the internal induction antenna of drawing 12 , in order to prevent sputtering of a conductor 7012, the 
jacket 7402 encloses the conductor 7012. A jacket 7402 can be formed with a ceramic ingredient, in order to 
prevent sputtering of a conductor 7012 as mentioned above, and to insulate electrically. 
[0099] 

In order to prevent the eddy current in the conductive deposit on the exposure front face of an antenna 7000, 
it is desirable to have the front face 7428 where the jacket 7402 was segmented current. As mentioned 
above, in order to prevent that a conductive deposit combines a segment electrically, a jacket 7402 can be 
segmented with a gap 7428. 
[0100] 

also segmenting all the insides of the bell mold part of a chamber to a periphery ring and/or a segment 
segment, in using a loop antenna, or an antenna — only the part close to a conductor can also be segmented. 
[0101] 

The wall 7220 of a chamber 7200 is conductivity like aluminum, and can be made from a thermally 
conductive ingredient, and the electrical-potential-difference potential of a wall can control potential by 
fixing to touch-down etc. The exposed chamber wall 7220 can have a coat 7045, in order to prevent 
sputtering of a chamber wall, as mentioned above. With the gestalt of some operation, the wall 7750 of the 
bell part of a chamber 7200 can be formed with glass etc. 
[0102] 

In order to prevent the crack of a jacket and a deposit, and flake-ization, it is desirable to adjust the 
temperature of an antenna. The channel 72 1 6 for cooling for temperature control can be prepared for 
Kabeuchi of a chamber 7200. Therefore, with the gestalt of some operation, the temperature of an antenna 
can be adjusted by adjusting the temperature of the chamber walls 7750 and 7220. 
[0103] 

If a helicon wave is used in order to generate the plasma as mentioned above, over large temperature and a 
large pressure range, it is uniform and the plasma of high density can be generated. By this, the large process 
window for both the processes of etching and deposition becomes possible. Since some attribute and 
example of a helicon wave plasma production device are indicated by Campbell's and others U.S. Pat. No. 
4,990,229 on February 5, 1991, U.S. Pat. No. 5,421,891 on June 6, 1995, and U.S. Pat. No. 5,429,070 on 
July 4, 1995 (name common to all "HIGH DENSITY PLASMA DEPOSITION AND ETCHING 
APPARATUS"), please refer to. 
[0104] 

In order to generate a helicon wave, if a current is supplied to an antenna 7012 from the source generator of 
RF, m=0 helicon wave will generate the current from which 1 80 degrees of phases have shifted in a bell 
chamber, so that a current may pass one loop formation clockwise and may pass the loop formation of 
another side counterclockwise. Although not illustrated, in order to carry out induction of the m=0 helicon 
wave, in a present field like a single loop antenna, other well-known antenna gestalten can be used, for 
example. Furthermore, the plasma is generable using the helicon wave in other modes like m= 1 . A bell 
chamber can be 10cm in diameter, and the optimal distance between loop formations takes one half of the 
time amount of RF period (in the case of 13.56MHz about 12.5cm) for the helicon wave which carried out 
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induction to spread between two loop formations. 
[0105] 

In the gestalt of operation of drawing 12 , the chamber power applicator also contains the nested 
electromagnet 7800 made to generate a shaft-orientations magnetic field in the bell part 7700 of a chamber 
7200. By the interaction with RF electric field which carried out induction to the shaft-orientations magnetic 
field in the bell part 7700 of a chamber 7200, the helicon wave in which the plasma is made to form occurs. 
[0106] 

The current in the inside and the outside magnet 7800 can be adjusted so that the magnetic field emitted 
quickly on the outside of the bell part 7700 may be generated. Turn and lead the plasma to the piece of 
processing, it is made to emit there, and the shaft-orientations magnetic field in the bell part 7700 which is 
within the limits of about 30 thru/or 300 gauss typically makes the piece of processing 10 neighborhoods 
generate the uneven plasma. This emission is useful also to that of ************ from the piece 10 of 
processing in a magnetic field. Supposing it wishes, in order to prevent sputtering of a chamber wall and to 
control the plasma consistency in a chamber, it is also possible to form a magnetic bucket in the 
surroundings of a chamber in a field, for the time being, so that it may be well-known. 
[0107] 

The gate power application equipment strengthened magnetically [ this invention ] can be operated covering 
the wide range source power of RF (.05-3. 0k W), magnetic field strength (30-300G), and a pressure (0.5- 
50mT), and can expand a processing window by it. Another advantage of a helicon wave antenna is being 
able to attain an ionization rate with the helicon wave antenna near 100%. With the property in which the 
plasma generated by the helicon wave in a magnetic field is uniform, the plasma can generate the more 
uniform processing plasma. 
[0108] 

Drawing 13 is referred to. The induction antenna 8000 of the source power applicator 8100 of Helicon is 
also securable for Kabeuchi of the bell part 8700 of a chamber 8200. This separates an antenna 8000 from 
the conductive deposit coat of a chamber, and arranges it again. Therefore, since the conductive film on a 
wall does not attenuate the magnetic field generated by the energized antenna, inductive coupling to this 
field of RF power does not fall. Effectiveness harmful to the plasma property in a chamber stops 
consequently, existing. Of course, since an antenna is energized during processing, deposition of an 
ingredient when [ it ] inductive coupling of power can be blocked does not exist. Furthermore, since it is 
immersed in the plasma inside a chamber 8700, an antenna 8000 can make the plasma generate using RF 
power of a low (it is because it is not necessary to overcome the impedance of a chamber wall unlike the 
case of the conventional inductive-coupling plasma-etching reactor). 
[0109] 

If the gestalt of operation of drawing 13 is used, an antenna 8000 can be formed with a "non-sputtering" 
conductivity ingredient like conductive ceramics, such as boron carbide. Another possibility will be using 
the metal core surrounded with the "non-sputtering" coat. For example, an aluminum core is covered in a 
boron carbide jacket. With any gestalt of operation, an antenna 8000 is protected from the sputtering 
effectiveness of the plasma, and any contamination of the piece 10 of processing is prevented. 
[0110] 

Please also note often having to control the temperature of the antenna 8000 under processing. If just like 
that, an antenna 8000 can be made from the tubular structure in the air. The pump of the coolant fluid can be 
carried out through the channel formed in the interior of an antenna 8000 by this, the temperature of an 
antenna 8000 can be adjusted, and a desired operating temperature can be maintained. 
[0111] 

Drawing 14 is referred to. With the gestalt of alternative implementation of the source power applicator of a 
helicon wave, the induction coil 9000 is arranged in the chamber 9200. The plasma is generated in a 
chamber 9200 from the process gas for processing of the piece 1 0 of processing. Process gas can be 
introduced through the port which let the gas inlet port 9270 arranged to the antenna 9000 neighborhood 
pass, or has been arranged between the coils of an antenna 9000. The magnet 9800 encloses the chamber 
near an antenna, a larger shaft-orientations magnetic field than about 5 gauss is generated in the antenna 
9000 neighborhood, and it is made to generate a helicon wave with the gestalt of operation of drawing 14 . 
[0112] 

Antenna coil has three to 4 winding, operates by 13.56MHz, and generates m=0 helicon wave. A chamber 
9200 can be operated by an about 1mm torr to the about 100mm torr. The gestalt of this operation makes 
possible the end launch (end launch) gestalt for the source of Helicon, without using the parallel wavelength 
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limited externally, and it enables Helicon actuation, without using the source field of the separated chamber. 
[0113] 

With the gestalt of this operation of an internal induction antenna which is indicated by the KOPENDINGU 
patent application "RF PLASMA ETCH REACTOR WITH INTERNAL INDUCTIVE COIL ANTENNA 
AND ELECTRICALLY CONDUCTIVE CHAMBER WALLS" of Ye and others whom this specification is 
referring to, an antenna is formed with a conductor 9012, and in order to prevent sputtering of a conductor 
9012, it is surrounded partially or completely with the jacket 9402. Preferably, a jacket 9402 consists of a 
non-conductive ingredient which encloses the conductor 9012, and it is combined with the wall 9220 so that 
exchange of heat may be enabled between the chamber wall 9220 and an antenna 9000. 
[0114] 

Furthermore, it prevents that separate preferably the front face of the antenna 9000 exposed to the plasma, 
and an eddy current flows the inside of the conductive deposit on an antenna front face as indicated by the 
above-mentioned reference KOPENDINGU application. A gap 9422 segments an exposure front face and it 
prevents that the conductive ingredient deposited on the jacket combines a segment electrically. 
Furthermore, with the gestalt of some operation, process gas can be supplied through the port arranged 
between winding of an antenna 9000. Furthermore, in order to prevent that an eddy current flows the 
surroundings of an antenna, it is also desirable to have the gap 9424 of the radial which divides the front 
face of an antenna 9500 into a segment segment as shown in drawing 15 . 
[0115] 

With the gestalt of another operation, as it was indicated by KOPENDINGU parent application of Above Ye 
and being mentioned above, an internal induction coil antenna can be formed with a non-sputtering 
conductivity ingredient, and the flow of a coolant can be supplied through the channel in an antenna. 
[0116] 

If the plasma reactor of drawing 12 -14 is used, the interior induction coil of small explained with reference 
to drawing 1 A-l 1 can be secured in a processing chamber, and it can also be used so that the plasma 
property in a processing chamber may be controlled further. 
[0117] 

Although this invention was especially explained above with reference to the gestalt of desirable operation 
at the detail, please understand that many change and modification are possible, without deviating from the 
true thought and the true range of this invention. 
[Brief Description of the Drawings] 
[Drawing 1 A] 

It is one side elevation of the interior induction coil mold antenna of small of Kabeuchi of a plasma reactor. 
[Drawing 1 B] 

It is one side elevation of the interior induction coil mold antenna of small of Kabeuchi of a plasma reactor. 
[Drawing 2] 

A-C is the partial-excision plan of the gestalt of operation of the plasma reactor of this invention, and is 
drawing showing the possible orientation of the interior induction antenna of small of this invention. 
[Drawing 3] 

It is the cutting side elevation of the gestalt of possible operation of the plasma reactor of this invention, and 
is drawing showing the possible array of the interior induction antenna of small. 
[Drawing 4] 

It is the cutting side elevation of the gestalt of possible operation of the plasma reactor of this invention, and 
is drawing showing the possible array of the interior induction antenna of small. 
[Drawing 5] 

It is the cutting side elevation of the gestalt of possible operation of the plasma reactor of this invention, and 
is drawing showing the possible array of the interior induction antenna of small with a process gas port. 
[Drawing 6 A] 

It is the plan of the gestalt of possible operation of the plasma reactor of this invention, and is drawing 
showing the possible array of the interior induction antenna of small with a process gas port. 
[Drawing 6 B] 

It is the cutting side elevation of the gestalt of operation of drawing 6 A. 
[Drawing 7 A] 

It is the partial-excision side elevation of the gestalt of operation of the small Nei section induction antenna 
of this invention. 
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[Drawing 7 B] 

It is the end view of the gestalt of operation of the interior induction antenna of small of this invention. 
[Drawing 8 A] 

It is the decomposition side elevation of the gestalt of operation of the interior induction antenna of small of 
this invention. 
[Drawing 8 B] 

It is the decomposition side elevation of the gestalt of operation of the interior induction antenna of small of 
this invention. 
[Drawing 9 A] 

It is the partial-excision side elevation of the gestalt of operation of the interior induction antenna of small of 
this invention. 
[Drawing 9 B] 

It is the partial-excision side elevation of the gestalt of operation of the interior induction antenna of small of 
this invention. 
[Drawing 1 0 A] 

It is the cutting side elevation of the gestalt of operation of the nozzle mold of the small induction antenna of 
this invention which uses a coil mold induction antenna. 
[Drawing 10 B] 

It is the cutting side elevation of the gestalt of operation of the nozzle mold of the small induction antenna of 
this invention which uses a coil mold induction antenna. 
[Drawing 10 C] 

It is the cutting side elevation of the gestalt of operation of the nozzle mold of the small induction antenna of 
this invention which uses a looping helicon wave induction antenna. 
[Drawing 10 D] 

It is the cutting side elevation of the gestalt of operation of the nozzle mold of the small induction antenna of 
this invention which uses a looping helicon wave induction antenna. 
[Drawing 10 E] 

It is the cutting side elevation of the gestalt of operation of the nozzle mold of the small induction antenna of 
this invention which uses a coil mold antenna. 
[Drawing 1 0 F] 

It is the end view of the gestalt of operation of the nozzle mold of the small induction antenna of drawing 10 
E. 

[Drawing 1 1 ] 

It is the cutting side elevation of the gestalt of operation of the plasma reactor of this invention which uses 
the small induction antenna of a nozzle mold. 
[Drawing 12] 

It is the cutting side elevation of the gestalt of operation of the plasma reactor which has the internal 
induction antenna which can generate a helicon wave. 
[Drawing 13] 

It is the cutting side elevation of the gestalt of operation of the plasma reactor which has the internal 
induction antenna which can generate a helicon wave. 
[Drawing 14] 

It is the cutting side elevation of the gestalt of operation of the plasma reactor which has the internal 
induction antenna which can generate a helicon wave. 
[Drawing 1 5] 

It is the plan of the gestalt of possible operation of the internal induction antenna of drawing 14 . 
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ftl:*»SnT^5:it*|i:t5ll*l2CKi©y7X7!) T * * - 0 

[ If * m 1 1 ] _h IE ^ ^ & y b I* , -L IS W « tt = >T cd ^ s< y ? V > if £ 
iutt5»6»ttwttft-c»ashtv^: ttrWIit6»*«l 0 *d IE lie <o 

[»** 1 2] ± IE ^ + ^ 2/ Mi*«tt = >f /Hr»5 1A/-CV^5 5?f ^ry 

sws-eidtsixt^s r t ^^m^-r^ifr^jf 1 (c ie t w y 7 x -7 y r ^ * - 

[»«« 1 3 ] lE^/M^-i'^ryftfi^-^tl^^tL, _h IE /J> S! 

^ i- 5 J: 9 K ± IS & M 7 -v y^rtlcEtSixtv^s r t &&Wl t t5SI*S l lc 
EtW7*7 Xv !J 7 ^ ^ - 0 

[ IS * * 1 5] ±IE^lf-Yy/^/Pt^^^^^^t5/ci6w>^< 
£ «, 1 o co # ,K - h £ 35 K fit x. , ± IS X/ * # - hi*, ± IE ^ /i' 7 y f t 
co '> ft < t h 1 oro/f-/u««i:i58LtfiiSiit^5:i«:»»it5i»* 
31 1 4l:!SiwX7X-7!)7^^-, 

[ » * ^ 1 6] asw^fx/f - h £ M {i x_ ±fE«S<z>X/*#- hco^ 
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!»** l 7 ] ± IE /h 9 3 >f >v T ^ -r ^ fc ft ^ $ tt X ^ -5 '> < t t> 1 o 

5 fc , KMls±7*izxtf*M^&&£tiX\,^&^kZ¥rmt1-zm&mi 7 \z 

[ft** 1 9] iE^a^ir^^^^D^^^^Sraiit&i-SSS^^^^ 
- b £ H i- fit X. > ±!SltW^^^-hWloH7°nt^^X^±f2ft^^O 

[ fit # Jl 2 1 ] iSESSw/hS^^T^x^^^/rli, * « =* ^ ^ £ 
ft«?HA/^v^5«««|»tta)^-ir^yh«r3Elii«x., * - K *r JE K « *. , 
± IS - K *i , iEMIft^^l^oi^r^^v'ay^^jSt^cfc^ClE 
*J -Y T v M^Clf AT'* 5:i:S:»«i:t5ai*«ll:Etro^7X7!)7^ 

o 
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& v m A, x* % mn&m&n i? * & y b z^izm > ± e « « it * a = >r ^ <o '> 

1- 6 ft * * 2 2l:E«»^7X7y7H- 0 

[ IS * m 2 4] lE^lf t (i, »ft»LT^5«B»tfTi*S:JEfc: 

[ n * r I 2 5 ] _h 15 m 7 -v >- ^ tt , US, WJffi&^fiEfiSrJE^MxL, ± 
IB ^ ft co /h K r > x -t <o m ti ifi s ± IB Tf & , (ffJfiSt/ltESoio^^fi^ix^ 

[ » # il 2 6] ±E«ft©*i7yf to 4: ^^^Ffi, ± IE & SI ^ 

«r«fttt5»*«2 5 icBt^^^X-e y 7^ 

[»*«2 7] ilfS ; !g^co/J^Mr>^•tcD/>^<<^t>^T^, K - A * tt 

[ » * * 2 8] ±!51t(D/M7yrt^>4< tt«f (i, ± 15 t ^ > 

y r * * - 0 

2 9] ^^X-^yT^^-T'&oT, 

a) feltf y/^PfiSLTV^i^rf t, l!St t (itw^CiJOlK'^ 

b) ±EteIf t ^^rtl!i»B4ixtt^llRa)/hS7yfttrMli:«i, ± 
E'M7yftfi 1 ±f2*PXjt^^^t5tc^(c±fB^^>'^i^tc7 p 7X^^^: 

c) ±E»ft ^M7yrttt** , ^S*^^l9iA/r'V^61MffiItw^t 
Zk$:¥fmk-tZ>'77X-?l)T?*- 0 

im&m 3 o] ±E^t^y M±w«ttffl^wici»B$;h,s^ffi£Mfc« 
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[ If * m 3 1] ±IE-fe^>^h{b*®^-fe^^^htt, -tien§Sf^®rt<7) 

r * * - o 

[fit* *I 3 3] ifiEffifS^/hST^-r-^li, ±IE7yrt(cj;ot4fijc$ 

1 19 * is 3 -4 ] ± E ^ -v ^ s> h n , ±&mfc<r> * '< y * v > ? * mit-r Z> 

zk&¥f'&t^Z>m$:m3 n:lE8(D^7X7!l7H-, 

[If * if 3 5] ± JB * * y h fi> _hlE**0^^y^y >- ^ £: PS. ih -f £ 
c<b£#ff&<h-r5fii#Jl2 9 CEtw^7X7 J 7^ 

[M**3 6 1 lElSw/hiryfttt, llEryrtiaot^S^ 

tLn>$: i Sf«Ffttt5»*S2 9i;E|o^7X^97H-, 

[ If * JS 3 7 ] '> # < t t i ow^^# - /M7 yf 

± IS Xf * # - b ^ 19 CEI^t; Xyl/^ff^tt^S: 

JI3 6i:ffitOT P 7X^!)7^^-o 

[ W * 3 8] ± E ^ 1 7 y r t ^ ^ ^ H t ^ 6 ^ < fc fc iocdrf 

m m & m *c « * , ±SE#/M7yf t^w±ER FtAiiaitticpiiepiti-efe 

5:^#«i:t5ll*«3 7 l:|EtwX7X-7 y 7^ 

[«#«3 9] - htMfcfll*, ±ESt^^^^- h 
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[»*94 0] HE#/hi7y7tH2o«)!|f-/Pfi8^|L, ± IE /hM 
T y 7- 1- <D 0? ft < t h 1 of*, ±|E2oo)jK-/ufi|«*s*|c:t*Sr±E^7X-7 

3 1 CEt©^9X^!l 

t (, l ow#^*- htimtt, ± IE # * - h tt , iE'>4< i t lo©/h 
S7 yftw^-/Pffl«i:ifiS LtEtS^T^S r ^#m<t-T5IS^^4 o 
ie Sc <£> ^ 7 x y r * * — 0 

[ If * 1 4 2] -LiE'hSIT y r t (C ^ ^ $ t '> ^ < t t loORF 
[ a * 4 3] ±tz^m^^>'s<^y p o±xtfx&m&-tZ>m$k(r>tf*tf 

I«*«4 4 ] — A' K *: 3E K « *. , ± IE v- - ^ K fit , ± IE S ^ > 

iffc £ "T £ fjf # 2 9l:|Et^^7X7yrH-, 

I » * Jfi 4 5] ± IE /J> S! T ^ x <£> '> ft < fcfc5eT0>EfRM4, Pi ^ ^T1!& T* 

(> e (o ie m « , ±m&m&v**vbftx*mm^mx~fr%^tz&'&t^z>m 
til 4 5 icieiw/^ xt y 7 ^ ^ - o 
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[B#S4 8 ] ±BttS^*;^fiBlMS:JE ±IS«f£co/h§!JTv 
9CEiw/7Xv y T * * - o 

[ Bt * * 4 9] ±E««kW/hfflTvy^w>tt< it«Ttt, _h IE & 51 ^ 
f y/<WHlcfBot, IL ^ i£ TIC if CO 4 1 to J§3 9 (C^ttt^t^-ISS^HTV^^) ^1 £ 
^^m<tf-5li^3i4 s ib m, <0 7 7 X -7 y T ? ? - 0 

[ » # « 5 0 ] llE^If'ty^lUftliSrlCix., ±IS1Si&:co/jN^rv 
f t (7) '> ^ < i: t) l o (i , ±K«»tc»«S4xrv^r4:*:4»«i:i-SBI**2 
9 CBtWT'^Xv y r ^ * - 0 

[ it * ^ 5 i] ±Efea^-ir>^ttjiE**x^«*, isstestw/hgurv 

9 f£ <ft CO :/ ^ X ^ y r ^ * - 0 

[ n * ii 5 2 ] ± is m & co ai r is t- -r <n & * < t t =e ^ « , k - a » « 

[ » * « 5 3] 1B«SW/M7yf t^>ft< £ t> 3g {i , > 
/<WB5 l:n«tti:BlS*ir^6: tfe«l»it5»*9 2 9 fc E f ^ 7° 7 x 
y r * * - 0 

[ IS # « 5 4 J -?7X-v»T&*— T*$><dX, 

b) issw/hsr^x^fcHicifli*., ± IE # /h S! r >- ^ f* , _t E # /h §! r v 

r^^^mir^^X^x^ y r ^ * - 0 

[«#*5 5] iE^ryftfi, W«tt»*t»*tt9B*/-ci* 

[ IS # « 5 6] ± IE -V ^ s> M± , t«tt»tt(otr»-c««StLt^5 r 
i«r^«tt5a#JS5 5 lcEt^7 ( 7Xv y 7^ 
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[ St # « 5 8] ± ie + * M* , ^ y y^ttfi-eiSJiit^ 

[ » # * 5 9] ± E ^ + ^ y M* , t 7 ; y^ttft-csastit^sr i 
£«F»£i-5lflJftJS5 5 C!2i(7)7 P 7X-7 y 7^ 

[ IS # Jf 6 0] ± IE ^ 4r s> Mi , lft7/U5 = ?A"C»«Snt^61 
^:«r»«ti-6BI*Jl5 5 I: !E« (O / 7 X-7 y 7^ 
6 1 ] -?7X-?1)T9* — -V&oX* 
a) t y^?rPS & t t l^i^rlx., ±Ef t V/< ^ t C I )t 

4r 3, h «r I ic 1 1 r ^ s , 
; t5^7Xv y 7^ 

6 2] ± IE H <7) /h ^ r >- x ^ , ±far>^^-tc:j:oT^^$ 

H * JS 6 1 CIBlW^yXvy 7^-, 

I IS * « 6 3] /> ft < i t 1 oro^^jK - hSrlCit, /h S! T f 1 # 

± ie # * ^ - fcD/i «9 k 1 $ n t y X/^isit^5: <t t^if* 

31 6 2CSE«W^7X^y 7^^-, 

[»*« 6 4] ± IE /h ^ T > 7- 1- IZ. m & £ fh X ^ 5 '> ft < ^ f> loCDRF 
fli 2£ £ M lc {i x. , ±E#/hi7yft^<o±|2RF«*ii$b4ttlc«8priEffe 
5:^»»tf 53l#56 2 CEf OT'yXv y 7^ ^- fl 

[ IS # « 6 5 ] *s - /u K £ IE iz « , ±EV-yw Kli, ±E^lf t >^ 

®<bi"Slf*il6 il:Ei|(07 p 7Xvy7^- 0 
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[ IS 3ft il 6 6] _h E 'h £! 7 x t 1 O '> ft < <!: ^ 5g co f S fa , fl B *T T* 

[ » # Jf 6 7] lE^t^y MimMif&iftte-t'fci?, ±EAQ ! S^^v/<(i 
[if jft 11 6 8] 7 p 7X7yr^»t'fcot, 

a) ftlft^/<*rRJlUtv^51fcIx, ± E ^ -r >- I* * <75 * (c AD X Jf Sr 
t , 

(ii) ±m^^^-b^^L^om^, l!2 7 p nt^^^^P J 7 p 7X7^4j*t 
£ $ * , 

:^ft»i:t57 p 7X7y 7^*- 0 

[IS 3ft if 6 9] lEBlryfttt, l«»»ttroi?ir^!y F C J; o x ^ 
9 1*ixt^5*#^f)ft5: t*l»t<:t6ll*«6 8 CEfWT'yXv y 7 

[ si jft JS 7 0] its^t^s/ Mi, i^^y^tt-eib5:^«*tt6 

[ IS 3ft Jf 7 1] iE^ir^y Mi , JBfiitto^t^y h Tfe 6 IS * i| 7 
01:^10X7X7 y r * * - 0 

[IS3ft3l7 2] iE^^f Mi , -Z? to hZb*t»mk-i-Z 

» * JS 7 1 l:!e«wX7X7 y 7^-„ 

[ Iff Jft 4 7 3] ± E * >5r y Ml, ift7^5 = !>Ai»t,45:i:t:»l 
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£ -T Z>m#m 7 ll:SEtro7 p 7X7!)7H- t 

[ » * * 7 4] iERWryftliiEtolf+y^lcHBStiS^i^ 

I » * * 7 5] ± fa # * - fii, ± ta # * tk - h m :/ 7 x # ^ $ $ 

*t50>£Pfl.ih1-SJ: ?lc^«$titl>5r iSr«f»tt5»#S7 4 fa «c <7) 7" 

7 x ^ y r * * - o 

[»*«7 6 ] ± IE * # — h , ±E^^tK - hrti:^7X-7<7)JgSS: 
»3St4i5i:»*Stin^:i«:»«it5ll*«7'4l:Blw^7X7y 

T $ $ — o 

[ i* * JI 7 7] ± |£ # * *K - h I j; ^3 E ^ t L , ±iEl^ffitei:faf*9®£-fcr^ 
* % s h ft ffi-T Z> * * * 7 & s ±IB**y^tt * S ±1B*^>>' 
htI*tti:SS^t5«)S:HJht5wtttt*it5«[*«7 6i:Ef 0^?X 
^ y r ^ * - 0 

[ IS * *I 7 8] ilERagTV^^tt, s^^ry £ o T & 9 

[ W * * 7 9] lERi»7yftH, »e«H4<D^ir^^ J: o T H ►) 

t5sl#S6 stcisttw^^x^ y r ^ * — . 

[ if * JI 8 1 ] ± fa # * # - H , _t la # * # - M^C^yX-r^Jf^^ 

ix6<7)^Plihi-6J: 9^ifi)c$ixt^6ri^#ll[i:t5ff*Jl8 0 (c 12 t w / 
^x^yr^^- 0 

l»*«8 2] ± fa # * - h ri , ± fa # * jK - hi^i:^7X^of 
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[ SI # « 8 3] ±m# * tf- KirtiBttL, ±ISrtffi«±8ErtffiS:-fe^ 

V T ? ? - 0 

I m * 4 8 4] iERlryf tii, ^ y = y*t:t*t5: t « 

[ » # *S 8 5] ± HE # * tK - h , ± 15 # * # - hrtf:^7XT^»rtS 
ix6w«:PlJl:t6J;5l:f«*fitV>5;i:S:»att5»*«8 4 IE « <^> ^ 

[ M # Jf 8 6] ± IE # * ?K - h « N ± |5 # * # - M*H:^7X-70jg«Sr 

7 ? & — o 

[ft * ^1 8 7] ± IS # * tf? - h fi ffi £ *r L , ±iartffi«±ffirtaa*-fe^ 
h«rt*ttlc8^t5W*HJtt5ri:t«itt5ll**8 6 IE St <d :t° ^ X 

^ y r * * - B 

[ SS * « 8 8 ] ± 15 # / X tt % ±IEt£^T>^^(c£oT£j&£;ft/'cgi 
[ » * « 8 9] 1!B^; X;K^li|7y7tl:^^^t^5 R Fl^^ 

let w7'7Xv y r ^ 

[ » * « 9 o ] ± 15 ^ -y >- '< m , *«tt<7>W»T*Jfcj*£;h,T^s;i£* 

[»*«9 i] _l is ^ * > '< m i* . mn&<o&nx'j&!8. <* tix v> 5 d t * 

I M # Jg 9 2] ±f5^^T^'x^(i±l5^S^^^>'<(c^^$n5^®^ 
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[«#* 1 0 6] ±Ef ty^^W^RFt^r^^^a <0 ^ i$ & {£ 

il l 0 4 t:Et£D^& 0 

[»*« l 0 7] ±ER F1^(D'>^< £ fc 5& I* , /h^if^T^x^cD 

[ IR # 41 l l 0] ±B*«tto«*r«iBi-a^f i y^«rJE»c^trCt«r» 

»it5«*JSi o 9 e ft co # jfe 0 

[ w * js i i i ] ±Km»<n ^mmmr > ^ + <nmm tnmmvtmmvoft 

4 fc IE ft <o * o 

[ » * * i i 2] ±e**0>*ffl»*T v ^ 1* , ^m»^«tt^P£jh-r 

« <0 *r & 0 

[ » * * 1 1 3] ±!Bf t>^iWIBS«:»lt5:H:«tot, _hfS^ 

# jf i i 2 \zum<n Jj & o 

l i 5] ±Ef t ^^i^IS^^StS: Haot, ± IE a 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 3-9,38-34,74-77,92-131,111-114 

Plasma reactor having a processing chamber and a plurality 
of small coil antennas, each antenna having a conducting 
core surrounded by an electrically insulating jacket, and 
wherein the jacket surface exposed to the plasma Is 
segnented so as to inhibit eddy currents in conductive 
deposits on the surface. 



2. Claims: 10, IX, 33, 36-39,54-60, 62-64,68-92, 115 

Plasma reactor having a processing chamber and a plurality 
of small coil antennas, each antenna having a conducting 
core surrounded by an electrically insulating jacket, and 
wherein the coil antennas are arranged within the processing 
chamber such that heat generated by the antennas Is 
transferred to a chamber wall by conduction. 



3. Claims: 13-16,24-28,40-43, 47-53,67,107. 109, 1X8 

Plasma reactor having a processing chamber and a plurality 
of small coil antennas, each antenna having a conducting 
core surrounded by an electrically insulating jacket, and 
wherein the coil antennas are arranged in a particular 
relationship to the plasma or the processing chamber has a 
certain geometry. 



4. Claims: 17-19,38,39,42,43,64,94,95.105 

Plasna reactor having a processing chamber and a plurality 
of small coil antennas, each antenna having a conducting 
core surrounded by an electrically insulating jacket, and 
wherein the RF power delivered to each of the coil antennas 
is independently adjustable. 



5. Claims: 28,37-39,63,68-103,108 

Plasma reactor having a processing chamber and a plurality 
of small coil antennas, each antenna having a conducting 
core surrounded by an electrically insulating jacket, and 
wherein a gas port for delivering process gas delivers gas 
through one of the coil antennas. 



6. Claims: 21,44,65 

Plasma reactor having a processing chamber and a plurality 
of small coll antennas » each antenna having a conducting 
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core surrounded by an electrically insulating jacket, and 
wherein a shield may be inserted within the Jacket to 
control power deposition in the processing chamber. 



7. Claims: 22,33 .45,45,66 

Plasma reactor having a processing chamber and a plurality 
of snail coil antennas, each antenna having a conducting 
core surrounded by an electrically insulating jacket, and 
wherein the orientation of at least some of the coil 
antennas is adjustable. 



8. Claims: 106-108.16.18,19,39,43,89,90,95,102,103 

Method of processing a workpiece in a plasma reactor having 
a plurality of inductive antennas secured within the plasma 
chamber of the reactor, wherein process gases are supplied 
to the processing chamber and RF power is supplied to the 
antennas, and wherein different process gases are supplied 
to areas of high RF power deposition and areas of low RF 
power deposition within the chantoer. 
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